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“anLE 3.1

N MATERYAL PRPERTIES: FRIOR CONTRACTUAL EFFORTS
_ . KAS 9-8749 (Ref. 3-8)
pound . . 8G- Ref, - - _ =15 {§) MRTA=S
Ezoperty. L5 Requiroment 8) min, | omax, iz min, | max. ave. | min, mext | ave. | min, [ omex, |awm, | men _;\m__ e
bielectric Conatant N 5.0, max, . 3 6.6 5.7 £.7 4,7 4.8 4.7 1.38 1.50 1.43 1.92 2.01 1.57 a1 2,94 479
fownr Pactor M .09, max. 3 0.0031  0.008] (.QUS| g.020f 0.021] 6.0%0 | 0.00% ooz 0.020 | Q.48 | ¢.050 | 0,050 {0,007 [0.0082 |o.cov
Dislectric Strength (wAnil) (1) M 350, sin, ’ 5 260, a1o. 282, 340, 0. 370, 100. 160, 118, 20. 20. 20, 360, ra00. el
Volie Pejistivity {amhient) M {r) 1., win, 3 0.062 v.55) .30 | 19, 30. 24, 1.64 4,78 2,741 0.0857) 0.0951( 0.0899 | 428, 559, 475.
=105 chrg—am) ) 1., min, - : ;
Surface Pesistivity Hl1nl? ohms) M 1., min, 3 5. 22, 15, 230, [720. [3%0, 0.385 3.B1 1.53( 0.0811) 0,145 | 0.105 | 203, 81O, 405,
hrz Pesistaroe {seconds) T 45., min. (2) 3 122, 124. 1, 6, 6. 6. 122, 124, 133, 129, | 133, 130, | 212, 215, | 244,
'nsuleticn Fosistance (megohms) M : )
arbient (:107) ’ L ming (3) I o, 660, _ | 3u0. 9.4 | 46.0 | 26.5 2.2 8.3 5.0 0.28] 1.01| 0.65) -~ — {200,
R12°F 759., min, 3 | 48.x103 50, %105 |60.305 3800., (8000, . 5800., ¢ 3.5 |2100, | va2a. | 7. | 147, | 112 3900, [6100. 200,
14) farbient 4 220., min. 3. 1.% 27. 13 P.;mar” i9,6x10"% |2, 810 g1, 780, 360. .20 0.41 0281 7.1 19,000, 16370,
: (43/212%F ) ' 20%., min. 3 0.44 0,78 165 |860. |1130, 980. no |data no Bata 31, 24,000, (15,00

wag. (3)/m.c, (4) femhient 200, min, 1 0.037| 1.8 [T - [n.exied 3. 7.8 5.5 | €1. {1. {1, 1.1 2.4 2.0

e, (5. {4) /21000 29¢., min, 1 0.o1 6,22 o.30 gy T 960, 4l 1.3 3,7 2.2 ) (1. 1. <1. 10, 120, 30.

TErELSmee, (4] farhient + 200, min, 3 0.085 £.19 3,33 7.0 8.2 58,0410 0.46 1 B7. 30.8 0,10 0.14 D.12 no (data

rerdlAme., (4 /2120 200, , min, 3 10,0257 0.059 0,039 | 870, asa. | 870, L3 | 2s. 141 0.15] 0.20{ 0,17 no |[data
Tear Strength {lb/in) M 15., min, 5 11 32, 37, . 11, 14, 13. ro |[data ne Hata no ldata

T .25, min. : .
Tensile Strength (psi} T . 350., min, 5 250, 260, | 269, 84. 98, 90, 70.9 1 90,0 81.6 brittle 2647, 1 4157, | 3328,
erganien (%) T 125., min. 3 310. 330, 31k, 1z0. 140, 130, no |data no Bata "...essentially nc
. - elongation.”
Thrinkage (3) M 1., moax. {opagae) 3 — - nil — — <1, — - 7.3 — — 9.3 — -— 4.4
3., max. ‘Clepr)

e 1 - 64, 68. 6t &0, .| 6B, 85, 79. §4. - -_ — 28, 103, |10s. -
Hardness ffter full cuowve) M . 30-85. (Shove A) 5 30000335, 01 (65, ‘D" 1485, *p*) ¥a0, 'p*)
Clarity T Yater clear - ocpagque cpague opalgue opague opacue
Vizcosity, 7P (poloes) by 1co. to 6,000, - .- - 2240, | 52.8 | 56,5 | — - - 45. 1s. 20. - - - 1420,
Sproific Gravity T 1.2%, max. 3 1.55 .61 | .48 1.55 1,69 L.67 | -= - 0.36 | ~—- — 0,81 2.53

I\U."'ES:-'

L. 50 mile thick, i ¢ .

2, Based om everage value oxt of § for each specimen, ' 6, With I gualer coats GE E Emezsm & Cuming)

3. Based en average value oot of 4 for each specimen, i 7. Veocum vac): 1 x 107 torr,(25001-:/24 hes,, then 212CF.
ure oycle (a.c,): TS-1600F/958 R,H./ 1 day mew cyele/s days. | B, Iumker ¢ individually felwicated specimens. ]

5. vamnm fvas): ) xlgei tory/pebient terp. /2% hrs. i 9 Teieasa Tazget Value My av oo eMandatory Value




Z-1l

Eroperty
Dielectric Constant
Powey Factor
Dielectric Strength (w/mil} (4)

Volume Resistivity (ambient)
(x1012 chms—cm)

Sarface Resistivity (:c:].(]]'2 ohms)
Arc Resistance (secords)

Insulation Resistance (megolmns)
ambient (x10°)
212°F
m.c. {5)/ambient
m.c. {5)/212°F
vac. /ambient
vac. /2120
rprd. /Mm.c. (4) farh.
prd. /m.c. (4) /21297

Tear Strength (lb./in)

Tensile Strength (psi)

Elongation (%)

Shrinkage (%)

Hardness (after full cure)
Clarity

Viscosity, 77°F {poises)
Specific Gravity

PROBABILITY OF SUCCESS ANALYSIS(L): PRIOR CONTRACTUAL EFFORTS

NOTES:
1. E emmee———— — Excellent
§ wemmmmmme—— Satisfactory
NG ~=——e——e———— No Good
NG ~=—=——————- Irremedially No Good
2, M =—————we— Mandatory Value
3. L Target Value

TABLE 3-2

Conpound
Requirement

5.0, max.
0.09, max,
350., min.

(P) 1., min.
) 1., min.

1., min.

45., min.
1., min.

750., min.
200., min.
200., min.
200., min.
200, , min,
200., min.
200., min,

15., min.
25., min.

350., min.
125., min.

1., max. {opacque)
3., max. {clear)

30~-85. (Shore 3)
Water Clear
100. o 6,000,

1.25, max.

5G-12 KI F-387 T 1015 oCc-15 MRTA-S
M2} T(2) M T T Mo T M T
NG - s - E - E - S -
E - S - 5 - s - E -
NG - s? - NG? - ING - [ -
NG - S - S - NG - E -
5 - E - 8? - NG - E -
- B - NG - E - E - E
E - E - 5 - NG - E -
E - E - NG - e - E -
NG - E - 57 - ING - 5? -
ING - 5 - ? - ? - 57 -
ING (6) - E(6) - ING (7} - NG (7) -, [ING(7) -
ING (6) - 5(6) - oG{7} - ING(7) - NG(7) -
ma - E - ™a? - NG - 2 -
™e - s - ™G? - G - %
8 - NG - ? - ? - ? - *i
. |
- NG - mG - mG - ™G - E ;
- E - 87 - ? - (ING} 2 - ™G
5 - '8 - ING - m™we - ™G -
5 - s - s - ING - NG - ;
- ING - ING - G - e - ING
- [ - NG? - NG? - NG? - E
- G - hale] - E - E - NG

4. 50 mils thick.

5. Moisture cycle fm.c.): 75-160“F/95% R.H./1 day per cycle/5 days.

6. Vacuum (vac): l. X 10_4torr/ambient temp./24 hours.

7. Vacamm (vac): 1. x 10 3torr/250°F/24 hrs., then 212°F.




TABLE 3-3

ELEMENTAL ANALYSIS

Constituents, approx. (%)

Compound c H O Si F Br P
dimethyl silicone RTV 32,5 8.1 21.6 37.9 cw- _— _—
{e.g. Dow Corning's Sylgards)
fluorinated stlicone RTV 30.8 4.5 10,3 7.9 36.6 ~--—- -
(e.g. unfilled version of

Dow Corning's 77-033)

BUSORB 34 54,6 6,7 28,0 == ——— -— 10.8

methyl methacrylate polymer 60.0 8.0 32.0 --- — _— _—

dibromobutenedio! (DBBD) 19.7 1.64 13,1 == ww= 657 ~—--
(1) "

(1) After loss of hydrogen from both hydroxy! groups (i.e. after condensation

reaction).,

-3



-1

TABLE 6-1

SILICONE RTV'S

(NASA-MSC-5G-12Kt MODIFICATIONS)

Formulations {phr)

S Ssssnssuvas So\jl;ce (See Tﬂble 6-2)

1. 325 mesh, predried 16 hrs./212°F

Component 5 475 476 477 478 479 480 481 387
Sylgard 186 1 100. 100. 100. 100. 100. 100, 100,
Phos-Chek P/30 2 75. 50, 25. 25.
7570 glass frit (1) 3 50. 25. 25, 25,
Dechlorane 604 4 25, 150,
RTV 77-033 5 100,
Sylgard 186 Catalyst 1 10. 10, 10. 10. 10, 10. 10,
RTV 77-033 Catalyst | 5 | 10,



1.

12.

13.
14,
15.

16.

V7.

TABLE 6-2

MATERIAL SOURCES

Source

Dow Corning

Monsanto, inorganic Chem,
Div.

Corning Glass

Hooker, Industrial Chem,
Div,

Dow Corning
Furane Plastics, Inc.

Diamond Shamrock Chem. Co.
Resirous Chem. Div.

1% 1 L L]

White Chemical Comp.

Diamond Shamrock Chem. Co.
Resinous Chem. Div,

i 1# # n

Stauffer Chemical Co.,
Specialty Chem. Div.

Weston Chemical Inc,
White Chemical Corp.
Chemetron Noury Corp.

Wallace & Tiernan, Inc,
Lucidol Div.

The Norac Co., Inc,

-5

Description
silicone RTV

ammonium polyphosphate

high lead glass

chlorine/bromine organic compound

- fluorosilicone RTV

in=house compounding

brominated polyester

bisphencl polyester

isophthalic flexible polyester

bisphenol flexible polyester

reactive chlorinated phosphorous
monomer

reactive fire retardant monomer

free radical catalysts

free radical catalysts

60% MEK peroxide in dimethy! phthalate



20,

21,

22,

23,

. 24,

25.
26,
27.

28,

29.
30,
31,
32.

33.

35.

TABLE 6-2 (cont)

MATERIAL SOURCES

Source

Cincinnati Milacron Co.

Matheson Coleman & Bell
Wallace & Tiernan, Inc.,
Lucidol Div.

Ciba Products Co.

Dow Chemical Co.
Designed Products Dept.

Shell Chem. Co.,
Polymers Div.

General Electric Co.,
Silicone Div.

Union Carbide Corp.

Michigan Chemical Corp.

White Chemical Corp.

Union Carbide Corp.

L] L1} R 1 3

Dow Chemical Co.
Halogens Res. Lab.

G A F Corp.

Mobile Chemical Co.,
Industrial Chem. Div.

-6

Description
cobalt naphthanate (12% Co)

2,2'-(phenylimino )diethanol
(or pheny! diethanolamine )

5% t-buty! peroctoate in dioctyl
phthalate

Araldite DP-449

amine-cured silicone RTY

i

tetrabromophthalic anhydride

bis dibromopropanol phosphoryl
dimethylol amide

mono dibromopropanol maleate
diethylene triamine
triethylene tetramine

liquid polyamine

dibromoneopentyl glycol

phosphonate dihydroxy polyol



38.

39.

40,

41,

42,
43,

45,

46,

TABLE 6-2 (cont)

MATERIAL SOURCES

Source

Stauffer Chem. Co.,
Specialty Chem. Div,

The Upjchn Co.,
Polymers Chem. Div,

Swift Chemical Co.
Swift Chemical Co.
The Upjohn Co.,

Polymers Chem, Div.

The Upjohn Co.,

Polymers Chem. Div.
MAT Chemicals Inc.
ME&T Chemi::uls Inc.

Dow Chemical Co.,
Designed Products Dept.

Union Carbide Co.

Stauffer Chem. Co.

-7

Description

diethyl N, N-bis(2-hydroxy ethy!)

amino methyl phosphonate
phosphorus-containing polyol
bromine/phosphorus-containing
dihydroxy polyol

tolylene diisocyanate (TDI) based,
bromine-containing prepolymer in TDI

low. viscosity version of diphenyl

‘methane diisocyanate

modified polymethylene
polyphenylisocyanate

staonnous octoate

" dibutyl tin dilaurate

urethane modified epoxy

dimethylaminopropyl amine

diethyl N, N-bis(2-hydroxy ethy!l} amino
methyl phosphonate



TABLE 6-3
SILICONE RTV'S
(NASA-MSC-SG-12KI MODIFICATIONS)

~ FORMULATION PROCESSING -

Cure (1} Post Cure
Formulation Time Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
475-1 2./- 150. 51./50 100.
476-1 2./15 150, 51,/50 100,
477-1 2./30 150. 51./50 100,
478-1 2./- 150, 51./50 100.
479-1 2./- 150, 50./45 100,
480-1 3./- 150, 49./30 100,
481~1 2./-- 150, 54./15 | 100,

1, Time in mold

-8
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|ABLE 6-4 °
SILICONE RTV'S

'.(NASA—MSC—SGHEKI MODIFICATIONS)

CHARACTERISTICS
CURED/POST CURED

Formulations

Properties 475 476 477 478 479 480 481
Cured Y Y Y Y Y Y Y
Tacky N N N N Vs N N
Flexible Y Y Y Y Y Y Y
Memory Y Y Y Y Y Y _Y
Cohesion X X X X X X - X
Tear Resistance X F F F X X X
Crack Resistance (1) X X X X X X X
Crack Propagation (1) X X X X X X X
Porous S N N N N S N
Adheres to unclean alum.foil cup - VS Vs VS VS S N
Cheesy - N N N N N N N
Hardness (Durometer A) 65, 62, 55, 52, 50, 44, 45,

Specific gravity

Y ovees Yes
N...l. No
F ..... Fair

X «.... Satisfactory
S «eie. Slightly

VS ..... VerySlight

-

1.56 1.40 1.38 1.24 1.32 1.27

1. 180° bend (face-to-face contact)



TABLE 6-3

SILICONE RTV'S .
(NASA-MSC-5G-12K! MODIFICATIONS)

PRELIMINARY FLAMMABILITY

~TEST CONDITIONS/RESULTS-

KX

X
— ' Specimen
D .
475-  A75- 475- 476~ 477~ A7 7= T 478~ A79~ | 479-  480- 480- 481- 481- 481~ 481~
1A-1 1A-2 1A~ 1A-2  1A-] 1A-2 144 1A-2  1A-] 1A-2 1A~ 1A-2  1A-] 1A-2 1A-3 1A-4
Oy pressure (psie) 3.00 3.00 3.00 3.00 3.00 3.00 3.0 3.00 3.00 3.00 3.00 3.00 3.00 3.00 6,00 2.00
M, pressure (psic) 7.00  7.00 7.00 7.00 7.00 7.00 7.6 7.00 7.60  7.00 7.00 7.00 7.00  7.00 4,00 7.00
Zazcimen length (in}) | 5.0 5.0 5.0 5.0 5.0 5.0 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Speeiman thick, (in) - | 0.077 0.073 0,078 0,078 0,078 0.078 C.L75 0,075 0,076 C.C76  0.075  0.075 0.07¢ Q.07 OLGF7 0,078
‘enition time (see) 30, 30, 30. 30, 30, 30. 31, 30, 30, 30. 3c. 30. 30. 30, 39, 30.
Burn time | flame-out | 30. 30. 30. 30. 47, 50, 43, 50, 20. 110, 35. 20. 75. 0 72, P5. %0,
R {sec) 1 glow-out |0 ¢ 0 ¢ 0 0 0 0 30, 0 0 0 0 0 0 0
‘ Flamz coler yellow yellow yallow vyellow vyellow yellow ye'low yellow yellow yellow yellow vyellow yellow yellow yellow vyellew
E., Smoks | coler wht/blk wht/blk black LElack white  white  white white  blk/Awht blk/wht blk/wht bik/wht black  bleck  black  black
- : cmount (1) 5 5 $ - P P P P S s S 5 5 s P S
s | Sparking (1) N N N N N N N N N N N N N N N N
Sputtering (1} N N N N N N N N N N N NS ON N N N
U | Drisping flaming N N N N N N N N N N N N N N N N
particies (i) _
L | Configuration {2} Y Y v Y Y Y (& (&) Y Y A\ Y Y Y M Y
Residue (3] (%) 83. §8. &7, 85, 78. 70, 8. &6, 85, 81, . 94. 8s. 73. i5. 72,
T ! ielied (1) N v N N N N N N N N N N N N N 5 N
Colorin  |exterlor | white white  white white white white wiite white white bik/wht black =~ black white white  white  white
5 bum CTECI; interior " " n *l 1t n " " [ " " H " " grey n
Texture in | powdery | Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
burn arecyy crusty Y Y Y Y Y Y v Y y Y Y Y Y Y Y Y
Conclusion (5} SE SE SE SE SE 5E 3E SE SE SE SE SE SE SE SE SE
| 1.2 1.15 1.15 1.25 3.75 . 4.0 L7 4,9 1.4 1.7 3.2 3.3 i.5 1.75 5.0+ T4
1. Nu....MNone SeeeasSome Puuau,Profuse &, Approx, 30%,
2. Generelly similar to originel specimen: Yes or No.
3, Amount 12ft in (2). H
Ao YaooonYes MNoivoas No : :
5. NC...L. Mon eombustible  SE.....Self-extinguishing in XX inches MNSE..... non Salf-extinguishing !
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TABLE 4-6
SILICONE / FLUOROSILICONE RTV'S

(F-387 MODIFICATIONS)

Formulations {phr)

468

Component 461-4  387-20 A61-5 387-21 473 470 472 A7 467 474

RTV 77-033 100. 100. 100. 50,

RTV 94-531 100, 100. 100,

Sylgard 186 100, 100. 50,

F-461-4 250,

F-461-5 250,

Dechlorane 604 150, 150, 75. 75, 150, 75, 150, 75.
\

RTV 77-033 Catalyst 10. 10. 10, 5.

RTV 94-531 Catalyst 10. 10, 10.

Sylgard 186 Catalyst 10. 10. 5.

S sesesess Source '(See Table 6-2),



TABLE 6~7
SILICONE / FLUOROSILICONE RTV'S
(F-387 MODIFICATIONS)

- FORMULATION PROCESSING -

Cure (1) Post Cure Total

Formulation Time Temp, Time Temp, Time
No. F- (hrs/min} (°F) (hrs/min) (°F) (hrs/min)

387-20 | 15./- 150. —- - 15./-

387-21 15./- 150. -— ~—- 15./-
4731 © 16./20 150, Sy il 16./20
470-1 2./15 150, 12./55 150, 15./10
472-1 3./55 150, 12./20 150, 16./15
4711 3./30 150. 12./20 150, 15./50
4€8-1 4./ 150, 12./2¢ 15¢. 16./2¢
467-1 2./- 150. 13./- 150, 15./-
47421 7./30 150, 8./42 . 150, 16./12

1. Time in mold - P

I-12
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- TABLE 6-8
. SILICONE / FLUOROSILICONE RTV'S _

(F-387 MODIFICATIONS)
CHARACTERISTICS

CURED/POST CURED

Formulations

Properties 387-20  387-21 473 470 472 471 . 468 467 474
Cured | v) Y Y Y Y Y Y Y
Tacky . (VS) N N N N N N N
Flexible (Y) Y Y Y Y Y Y Y
Memory _ (Y) SD Y SD SD sb . SsD Y
Cohesion (P) NG NG NG NG F - F
Tear Resistance - (P) NG NG NG NG X X NG
Crack Resistance (1) (X) X X X X X X
Crack Propagation (1) (X} X NG NG NG X X X
Porous \ (X) Vs VS VS N ') N N
Adheres to unclean alum. foil cup (N) - - - —-— - - -
Cheesy | (N) . N N N N N N N

-Hardness (Duromefer A) 65. 65. 59, 47. 66. 76, 49, 55. 42,
Specific gravity T 1.82  1.82 1,67 141 165 179 1.42  1.60 1.52

1. 180° bend (fuce-to-face contact)

Y cenes Yes SD..... Slight Deformation

Nieeae No NG .... Not Good

F oevss Fair V5 ..... Very Slight

P vveess Poor () «ou.. F-387-2, Table 6-85, Ref, 3-7,
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TABLE 6~9

SILICONE/FLUOROSILICONE RTV'S
(F-387 MODIFICATIONS)

PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS-

Specimen
387- 387 - 387- 387- 387- 387- 387~ 387- 473- 473~
20A-1 20A=2 20A-3 20A-4 21C-1 21D-1 21D-2 .. 21D-3 1A-1 1A=2
O, pressure (psia) 3.00 3.00 3,00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
N, pressure (psia) 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 -
Specimen length (in) 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5.0 5.0 5.0
Specimen thick. (in) 0.05¢  0.054 0,055 0.060 0,094 0.124 0,125 0,124 0.075 0.076
lgnition time (sec) 35. 30. 30. 30,. 30, . 30, 30. 30, 30, 30, -
Burn time | flame-out 53, 45, 32, 37, 43, 36, 30, 35. 51. 60,
R (sec) | glowout | © 5. 8. 1. 2. 0 0 0 0 0
: Flame color yellow  yellow  yellow  yellow yellow vyellow vyellow  yeliow yellow  yellow
E, Smoke | color black black black black black black black black black black |
| amount (1) P P P p P p S P P P
5 Sparking (1) N N N N N N N N N N
Sputtering (1) N-S N-5 N-§ N-§ N-§ N-$ N-5 N-§ N=S N=$ \
U | Dripping flaming N N N N "N N N N N NG
porticles (1) .
L | Configuration (2) Y LY Y Y Y Y Y Y Y Y '
ResTdue (3) (%) 90, 96, 98. 98, 99. 99 .+ 99.+ 99.+ 92, 92,
T | Melted (1) N N N N N N N N N N <
Color in  |exterior black  black  black  black  black  black  black  black " black  black
S bum ared inferior n ‘Il =W 1] H n 1] L} L1 L}
Texture in |powdery| Y Y Y Y Y Y Y Y Y. Y
burn creo@J crusty Y Y Y Y Y Y Y Y Y Y
Conclusion (5) SE SE . SE SE SE SE SE SE SE - SE
1.2 1,35 1.1 1.1 0.6 0.4 0.8 0.7 1.75 1.7
1. N.....None Seecan Some P.uso.Profuse I
. 2, Genermlly similar to original specimen: Yes or No. i
; 3. Amount left in (2). i )
: 4, Y..... Yes Nivees No ) ) :
5 5. NC,....Non combustible SE..... Self-extinguishing in XX Tnches MNSE.....Non Self-extinguishing :
1 - H
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TABLE 6-9~ (cont)
SILICONE/FLUOROSILICONE RTV'S
(F-387 MODIFICATIONS)

PRELIMINARY FEAMMABILITY
~TEST CONDITIONS/RESULTS~

Specimen
470~ 470- 472~ 472- 471 - 41 - 468- 468~ 467- 467 = 474~ 474~
1B~1 18-2 1A-1 T1A-2 1B-1 1B-2 1A-1 1A-2 1A-1 1A=2 1A-] 1A~2
02 pressure (psia) 3.00 3.00 3.00 - 3.00 3.00 3.00 3,00 3,00 3,00 3.00 3.00 3.00
N5 pressure {psia) 7.00 7.00 7.00 7.00 7.00 7.00 7.00  -7.00 7.00 7.00 7.00 7,00
Specimen Iength (in) 5.0 5.0 5.0 5.0 5.0 5.0 . 5.0 5.0 5.0 5.0 5.0 5,0
Specimen thick. (in) 0.101 0.101 0.078 0.079 0.080 0,080 0.104 0,105 0,105 0.105 0.089 0,088
lgnition time (sec) 30, 30. 30. 30. 30. 30, 30, 30, 30, 30. 30. 30,
Burn time | flame-out | 83. 88, 65, 74. 35, 35, 30. 35. 35, 30. 30. 34,
(sec) glowout {0 0 0 0 0 0 0 0 0 0 0 0
Flame coler yellow . yellow yellow vyellow vyellow yellow yellow yellow yellow yellow yellow yellow -
Smoke | color black black black black black black  black black  klack  black  black  black
: amount (1) P B P P P P P 5 S 5 P P
Sparking (1) N N N N N N N N N N N N
Sputtering 1) N N N-S§ N-$§ N-S _ N-5 N-S “N-5 N=-5S N-§ N=5 M=5 !
Dripping flaming N N N N N N N N N N N N
particles (1) _
Configuration (2} | Y Y Y Y Y Y 'Y Y Y Y Y Y
Rasidue (3) (%) 97, 97, 5. 93, 75. 97. 9.+ 9. 98, LR 98. 93.
Melted (1) SN N N . N N N N N N N N N
Color in | exterior white white white black black black black black black black black  black
burn arec] interior wi/blk wl‘/blk_ black " " " " " " " " "
Texture in powdery | Y Y Y Y Y Y Y Y Y Y Y Y
burn are&) erusty Y Y Y Y Y Y Y Y Y Y Y Y
Conclusion (5) SE SE SE - SE SE SE " SE. SE SE SE SE SE
i 2.2 2.2 1.6 1.75 0.95 0.8 1.45 1,2 1.5 1.55 2,2 2.0
MN... : .Nene Siisna Some Piaase Profuse

Generally similar to originel specimen: Yes or No.
Amount left In {2).
Yeernn Yes Nivess No

LBy —
* = e a &

. XX

NC..... MNon combustible | SE.....S5elf-extinguishing in XX inchss NSE.....MNon Self-extinguishing



TABLE 4-10

POLYESTER (1) SYSTEMS

Viscosity . Elemental Analysis (%)

Function Name Description 8 {eps) c H o Br P
Base DioN FR-6430 isophthallic polyester 7 solid ? ? ? - 31. --
resins DICN COR-RES 6432 | ({bisphenol?) polyester 8. solid ? ? ? - £31. -

TEPH-AE tribramophenyl allyl ether 2 solid 29.15 1.89 4.32 - 64.65 -
Flexible DION-IS0 6481 isophthallic polyester 10 high visec, liq. ? ? ? - _ -
resins DICH COR-RES 6435 | bisphenol polyester " 950 poise ? ? ? - -— -
Peactive FYROE, Bis-Beta bis (beta-chloroethyl vinyl phosphonate 12 16.2 (25%C) 30,9 4,73 20.6 30.5 -- 13.3
diluents DVAP dimethyl allyl phosphonate . 13 watery liguid 40.0 7.34 32.0 —-— - 20.65

BIS(DEP)H bis (dibrampropanol) phosphonyl -2- 14 med. visc. lig. | 23.6 3,12 15.76 - 52.5 5.08

oxyethyl methacrylate
— {styrene) -— (watery liquid) {92.31 7.69 - - - -

Catalysts CEDOX TS-50 or 2,4-Dichlorobenzoyl peroxide in silicone 15 paste

LUPERCO CST fluid 16

CADCK MDP or 60% methyl ethyl ketone percxide in 15 liquid

LUPFRSOL DEM dimethyl phthalate 16

CADCY. PTP or 50% benzoyl peroxide in tricresyl 15 . paste

LUPERCC ATC phosphate 16

SuvserssnseasSource (See Table 6-2)

1. HNo styrene present, except as noted.
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TABLE 6-11
"POLYESTER PREBLENDS

Formulations (pbw)

486

490

Component S 482 483 484 487 488 489

Dion FR=-6430 7 100, 100, 100.

Dion=1SO 6481 10 75, 75,

Dion COR-RES 6435 1} 75. 75. 75.
FYROL Bis-Beta 12 507

DMAP 13 50.

BIS (DBP) H 14 50.

482-1 6 150.

483-1 ' 6 150. 150.

4841 6 150, 150,

S.:...5urce (See Table 6-2)
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TABLE 6-12

POLYESTERS

- KETOME PEROXIDE CURED -

Formulations (pbw)

Companent S 491 492 495 . 498 509 510 511 503 504 505
Dion-1SO 4481 10 75. 50, 75.

Dion FR-6430 7 100, 100, 100.
DMAP 13 50, 50, 25,
485-1 6 225,

486-1 6 225,

487-1 é

488-1 6

489-1 : 6 225,

A90-1 , , P . - 225,

509-1 75.45

510-1 50.8

511-1 75.8
MEKP-5 17 2.25 2.25 2.25  2.25 2.25 2. 2.
ADVADRY 12% cobalt 18 0.90 0.90 0.90 0.906  0.45 0.8 0.8

5.....5urce (See Table 6-2)




TABLE 6-13
POLYESTERS
- AROMATIC DIACYL PEROXIDE CURED - .

Formulations (pbw)

S1-11

Component S 497 498 499 500 501 502
485-1 é 225,

486-1 | s 225,

487-1 6 225,

488-1 ~ b | 225,

489-1 6 225.

490-1 6 | 225,
T5-350 15 4.50 4,50 4,50 4.50 4,50 4,50
PDEA 19 1. 1. 1. 1. 1. 1.

SeeessSource (See Table 6-2)



TABLE 6-14

POLYESTER PREBLENDS

- Formulation Processing -

- Steps
Formulation (1) (2) (3)

No. F~ (°F) (min.)  (°F) {min.) (°F) (min.)
482-1 250 5 ——— - ——— _—
483-1 " " — — —_ ——
484-1 200 u - - -— ——
4851 —— — 200 5 -—— -
486-1 - -— 150 5 -— —
487-1 —— —— n (4) " D e ——

- 488-1 - — 200 " -— —
489-1 - -— 150 " — -
490-1 —— ——— " " — ——
509-1 - -_— -— — 150 5
510-1 —_— N D e —— " "
511-1 — —— - —— n ]
1. Blend flame retardant resin with reactive dtluent at °F for minutes.

Cool to room temperature,
2. Blend reactive flexibilizer with diluted resin at °F for minutes,
Cool to room temperature.
3. Blend reactive flexibilizer with accelzrator at °F for minufes.,
4, Room temperature blending probably feasible. .

i1-20 '



TABLE 6-15

POLYESTERS

- Formulation Processing =~

2. Blend flame retardant resin, preblend, and reactive diluent at

blend befare cool,
. Add catalyst into preblend at

. Cure at

°F for

hours.

3
4
5. Room temperature blending probably feasible.
é, Formulation blended while dropping te roem temperature.

°F for minutes,

f1-21

°F for minutes, and then

Steps
Formulation {1} 2) {3} {4)

Mo, F= {°F) {min.) {°F) {min.) (°F) {min.) (°F) (hrs.}
49141 150 5 - — 150/RT (6)  0.5/5 150 24
4921 ] u ———— —— L] /u (6) " /2 o "
493-1 " (5) " —— J— RT 2 0 W
494-1 " " - -- 150/RT (&)  0.5/4 “ .
495...] _ L ] — — " /Il (6) " /3 " u
A96=1 " 1 — — [ qu (6) n /2 u n
497-1 H " — — n /‘u (6) " /u ] n

498_] " " -— —— n /u (6} " /2 i "
499-1 " {5) n — —— [ 41 " "
500-1 " " ——— — ISD/RT (6 . " w
5011 " " - —_— s /3 " n
502-1 I " — —— " /u (6) n /2 " "
503-1A -— . 200 3 79 3 150 24

]B — —— m n 1 " 1 48
504-1A — ——— 250 u “ " 24
=B — — " n " “ ] 48
505-1A ——— -— 275 " n " 24
_] B — — [ 1 " " L] 48
506-1A -— -— 150-200 " " u " 24
_] B —— ——— [} 1] u " (1] 48
507"1A. - — 250 " " n n 24 ‘
_1 B — P n " ] n 10 48
508-1A -— ——— 275 " 76 5 " 24
=1B —_— — W n " " u 48
1. Blend accelerator (or promotor) with preblend ot °F for minutes. Cool to room temperature,
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TABLEG-16

POLYESTER PREBLENDS

el

- CHARACTERISTICS (1) = | .
Formulations
Properties 482 - 483 484 485 486 487 488 489 490
Homogenous Y Y Y Y Y Y, N ? ?
Lumes | N N N N N N N N N
Coarse Particles N N N N N N N N N
_ semi- semi-
Clear Y Y Y Y Y Y Y opaque opague
very  very very very very  very It. lt, t.
Color It. gm. It. gmn (2) [t.yell. It., yell. It. yell - yell, yell, yell,
semi= low very very low
Viscosity (RT) solid med, med. high high med, high med. med,

\

1. Qualitative,
2. Almost water white,

_Y....‘Yes
N.u‘.‘No
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Properties (1)

TABLE 6-17
POLYESTERS
- CHARACTERISTICS -

Formulations

N.....NO

491 492 493 494 4935 494 497 498 499 500 501 - 502
Homogenous (14) Y Y Y N N ? Y Y Y ? N Y
Lumps (14) N N N N N N N N N N N N
Coarse Particles (14) N N N N N N N N N N N N
Clear (14) Y Y Y N Y Y $-0 Y Y N Y 5-O
Color (14) blue blue grey blue blue grey bm, grey grey H.yell. blk, dk,gm.
very very low very low

Viscosity (RT) (13) high  high  med. high med. med. high high med. (3) med,  med.
Pot Life (hrs.) (4) 0 6 (6) (8 15Q0) <5 (4) (4) 12y 4 (4)
Cured (5) (5) Y (7) @ 2 an - ay o an ) an - an
Tacky S Y N - Y - Y — - - — - _—
Flexible - _ Y 7) - - - -— - — — —
Memory - - Y —_— - —-— - - - —_— — _—
Cohesion \ - — P — —_ _ _— _— _— —_— _— —
Tear Resistance - - P —— — - — - - - - -
Crack Resistance (2) - - NG - —_— -— — - - _— — —
Crack Propagation (2) - — NG — - - _— -— — _— - -
Porous | - - Y - —_— - — -— - —_— — _

' Cheesy - - Y ~— - Y - - - — - —
Y eesaaYes 5~0.....5emi=-Opaque O.eee.None in 24 hrs, SeveesSlight



TABLE 6-17 {cont)

Nofes

1. Qualitative evaluations,

2. 180° bend (face-to-face confuc.f).

3. Increased rapidly (i.e., approximately 2 minutes) to a waxy state,

4, No gel in 48 hours.

5. Partial in 48 hours.

6, Separation into light grey and blue layers, Blue layer later much harder

~ than grey layer.
7. Separation into 2 layers. Top layer: light grey, tacky surface, flexible,
and cheesy. Bottom layer: blue and britile.

8. Separated into purple and grey blotches. No gel.

9. Separation info blue and grey Idyérs;. No gel.
10, Room temperature specimen almost cured in 24 hours but had a tacky surface.,
11. No cure in 48 hours.
12, Waxy in 5 hours,

13. Uncured state,

it-24



TABLE 6-18

POLYESTERS

~ ALKYL PEROXYESTER CURED -

Formulations (pbw)

Component 506 507 508
DION FR-6430 7 100. 100. 100,
F-509-1 (1) 6 75.45

F~-510-1 (1) 6 50.8

F-511-1 (1) 6 75.8
DMAP 13 50. 50, 25,
Lupersol PDO 20 2.25 2. 2.

S.....Surce {(See Table 6-2)

1. See Table 6-12.

11-25
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TABLE 6-19

POLYESTERS
(Phase |1}

= Characteristics «

505

Formulations

503 504 506 507 508
(Properties (1) (2) A B A B A B A B A B A B
Homogenous (5) Y Y Y Y Y Y Y Y Y Y Y Y
Lumps (5) N N N N N N N N N N N N
Coarse Particles (5) N N N N N N N N N N I N
Clear (5) ™ Y Y Y Y Y Y Y Y Y Y Y .Y
Color (5) ’ blue blue blue blue blue blue blue blue blue blue blue blue
Viscosity (RT) (5) S.high  S.high  high high high high S.high  S.high  high high high  high
‘ med, med, med, med med. med, med, med
Cured X X X X X X ? (4) ? 4 ? 4y 7M@) M@ @)
Tacky N N N N N T:N T:N T:N T:N T:N T:N
B:Y B:VS B:V3 B:VS B:S B:S
Flexible Y Y Y Y Y Y Y Y Y Y Y Y
Memory Y Y Y . F Y Y Y Y Y Y Y Y
Cohesion P F P P P P F F P P P P
Tear Resistance P P p P P P P P P P P P
Crack Resistance (3) NG NG NG NG | NG <NG X X NG NG X X
Crack Propagation (3) ' ‘NG NG NG NG NG <NG X X NG NG X X
Porous S ) Y Y Y Y N N N Y Y
Adheres to unclean S S 5 5 S S P F X X s 5
alum. foil cup
Cheesy - N N N N N + N N N N N N © N
Y.or.uVes ) UP Satisfactory "~ VS.....Very Slight Poous Poor T.....Top (air exposed surface)
N....No F.euaoFair Seeaas Slight NG..... Not Geod Bevawn Bottam {non-exposed surface)

1. Qualitative.
2, All cured specimens were clear and
had a bluish-arean hue, :

3. 180° bend (face-to~face contact).

A, Wrinkled top surface,

5. Uncured state,
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TABLE ¢-20

POLYESTERS
(Phade HD)
Formulations (pbw)
493-2 503-2 549 550
Component S (1) (1) (2) (1) (2) (1) (2)
DION FR-6430 7 100, 100. 100, 100, 100, 100,
DION=-ISC 6481 10 75. 75, 75, 75,
F-509-1 (3) é 75.45 75,45
F-487-1 (4) 6 225,
DMAP 13 50, 50, 50, 50, 50, 50, .
MEKP-5 17 2,25 2.25 2,25
TS=50 15 2,25 2,25 2,25 2,25
AVADRY 12% Cobalt 18 0.9 0.45 0.45 0.9 0.9

\

Su [N .SOUI‘ce (See TUble 6"'2)

1. As formulated.

2. Actual constituents.
3. See Table 6-12,

. 4, See Table 6-11.




TABLE 6-21

POLYESTERS
{Phase 111)
- Formulation Processing -
Steps '
Formulation (1) (2) (3) (4)
No. F- (°F) (min.) (°F) {min.) (°F)  (hrs./min.) (°F) (hrs./min.)
493-2A 200, 5. 77. 3. R.T. 24. - -—
-2B n n n ] n " 150, ]5h/45,
503-2A " w(5) 78. " " 48, -— -——
-2B ] n (5) n 1 n ] ]50‘ 24_./15'
549-1A " " (5) 73. " " 12 days (6) ---
-18 n " (5) " n 1 " (6) ]50‘ 4°/_
550-1A " . 78. " " 13 days (6) --- -—
~1B " " " 1t n 1 (6) ]50" 4_'/_
1. Preblend flame retardant resin, reactive flexibilizer, and reactive dilvent at _°F.
for min. and cool, Add accelerator at room temperature and cool.
2. Add catalyst and blend at °F for minutes. Do not deges.
3. Cure at °F for hours/minutes,
4, Post cure at °F for hours /minutes.
5, Accelerator already preblended with reactive flexibilizer.
6, For gelation. '

11-28



TABLE 6-22

POLYESTERS
(Phase 111}

~ Characteristics =

493-2 : 503-2
Properties (1} A B A B 549 550
Homogenous (2) Y Y Y Y Y Y
Lumps (2) | N N N N N N
Coarse Particles (2} N N N N N N
Clearq(2) Y Y Y Y Y Y
Color (2) grey grey blue blue blue purple
Viscosity (R.T.) (2) med.  med. s.high s.high s.high = med,
med, med, med.
Cured ? Y ? Y N (6) ?
Tacky S N ? N N S
Flexible Y Y (4) ? Y Y Y
Memory Y Y {4) ? b Y Y
Cohesion NG NG ? NG NG NG
Tear Resistance NG NG ? NG NG NG
Crack Resistance (3) NG NG ? NG X X
Crack Propagation (3) NG NG ? NG X X
Porous N N ? N N N
Adheres to unclean —-~— — —— - — —_—
alum, foil cup
Cheesy Y N ? N N N
Color (5) blue blue ? blue blue blua
Clear (5) Y Y ? Y @ . @)
Y.....Yes Xe o s oo Satisfactory VS.....Vel');r Slight PeveooPoor
NeooooNo FuesuooFair SeseesSlight NG..... Not Good
1. Qualitative. 5. After cure.
2. Before Cure. 6. Inside,
3. 180° bend (face-to-face contact). 7. Translucent,

4, Less than ﬁ. '.
I-29



TAELE 6-23 .

POTENTIAL EPOXY-MATERIALS

Viscosity E.E.W. - Br
Function Name Description S (cps) (1) (%)
DP-44% epoxy 21} M.P.=355°C 385 50
Base D.E.N, 438 epoxy novalac 221 35,000-70,000 | 176-181 -
resins D.E.R. 511 epoxy 221 A-D (2) 445-520 18-20
{~50-100)
D.E.R. 542 epoxy . 22 solid 325-375 44-48
D.E.R. 599 epoxy 22 250 300-350 50-54
FRX~67 n,n-diglycidyl=2,4,6-tribromeaniline | 23 (5) 240 51.5
Flexible D.E.R. 732 polyglycol diepaxicde 22 55-100 305-335 -
resins D.E.R. 736 polyglycol diepoxide 22 30-60 175-205 -
D.E.R. 741 ? 22 2,500-4,500 364-380 -
RTV 602 (4) siliccone .24 800-1,500 ? —_
Catalysts D.E.H. 61 (3) amine 22| watery liquid — —
DTA diethylene triamine 25| watery liquid - ——
—_— tetrabramomethylene dianiline |.26 solid - 62.4
! (1.95%H)
S....ce.. Source (See Table 6+2). 5. 1900 cps (super cooled), melting point: 50.-55.°C.

1. Epoxy equivalent weight.
2. Gaxdner-Holt

3. For D.E.R. 741

4, BAmine cured.



TABLE §-24 -
EPOXY PREBLENDS

Formulations {pbw)

Compenent 5 || 513 54 515 516 517 5e 520 521 522 523 524 518 525 526 527 - 534 535 52
D.E.R.. 74 2211 100, 100. 100, 100, 100, 100, 100. 100, 1100, 100.
D.E.R, 732 22 100, 100.

D.E.R, 542 22 100.

Dp-449 21 100,

ERX-67 i23 100,

F-514-1 16 13.9

F-515-1 36 15.9

F-519-1 6 6,67 7.76

-520-1 té 7.18

IMAP 13 100,
“iremaster PHT4 27 " 100. .15

Yis (DBP) AM 28 120.2

JBP-ES 29 210,67
J.E.H. 6l 22 7.8 3.9 3.9 3.9 3.9

OETA 30 10. 2,77 , 6.44

TETA 31 12, 3.28

ZZLA=0826 32 12.6

5.....50urce (See Toble 8+2).

—_
—
A

—




TABLE 6-25
EPOXY PREBLENDS

~ Formulation Processing -

' Steps (1)
Formulation (2) (3)
No. F= {°F) (min.) (°F} (hr./min,)
513-1A 69 3 150 4/0
-1B 69 3 " 24/0
514-1 69 2 ——— -
515-1 68 2 —— -
516-1A 73 3 150 10/0
-1B 73 3 " 24/0
517-1A 73 3 " 10/0
~1B 73 3 " 24/0
519-1 70 3 - -—
520-1 70 3 — _—
521-1A 73 3 150 - 8/0
"-1B 73 3 " 38/30
522-1A 74 2 " 8/0
-1B 74 2 " 38/30
523-1A 74 3 . 7/30
-1B 74 3 " 37/30
524-1A 73 2 " 7/0
-1B 73 2 " 37/30
518-1A 69 3 " 4/0
-1B 69 3 " 24/0
5251 212 @) —- —
526-~1 212 (4) —— _—
527~-1 150 (4) ——— -—
534-1 150-250 (5) -— -
535-1 150~250 (6) D e —
512-1 212 15 —— —
1. No degassing.
2, Blend ot °F for minutes.
3. Cure/post cure.
4, Continue heating until components are all liquid.
5. Continved until evident complete solution not possible below 250°F,
6. Polymerization appeared to take place before complete solution,

- 11-32
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TABLE 6-26
= EPOXY FREBELENDS
- Characteristics {Precurad) =

Formulations -

E€~-H

Properties (1} % 513 514 515 516 517 519 520 ° 521 522 523 524 518 525 526 . 527 534 535
Homegenous ? Y Y ? 7 Y Y ? N Y Y Y N N Y M N
Lumps N N N N N N N N N N N N M N N N
Coarse Particles N N N N N N [ N N N ™ [ N N N. N N
Clear T Y Y T T Y Y T opaque Y Y Y N(@ N@ Y N N
Color ww Very Very ww Ww Very Very  WW White WW . Ww Very {2) (2) Or. White  White
It, ft. lt. It. ' 1t. yell
yell,  yell, vell, - vyell. yell.
Viscosity (RT) med, watery watery low low watery watery low low almost a|m65f low (2) (2) slightly med. med.,
' watery  watery higher
‘ than
low
A\
1. Qualitative. T ¥ eaaeaYes
2. Supersaturated solution, . N.v...No

T caane Translucer;f
WW.....Water White



TABLS 6-27
EPOXY PREBLENDS
- Characteristics (Curad/Post Cured) -

Formuloticns

T 513 516 517 521 522 523 524 - 518 -
: Propertles (1) A B A B A B A B A B A B A B A B
Cured ? ? X X X X X X X X X X X X X X
; Tacky Y Y VS Vs VS N N N N N N N V5(3) N N N
Flexible % Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
i Memory Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Coheston P P P P P P P P P NG NG NG NG P P
E Tear Resistance P P F P P P P P P NG NG NG NG P P
= Crack Resistance (2) X X X X X X X X X NG NG NG NG NG NG
Crack Propagation (2) X X X F P NG N6 NG NG NG NG NG NG NG NG
Porous N ‘ N N N N N N N ] N N N N N M
Adheres to unclean :
alum, foil cup F F 5 s s F S F .- F F N N N N S V5
Cheesy N N N N N N N N N Y Y Y 5 N S
Clear Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Color It, lt. It. - L lt. It. It, It, It. it, ww wWw Ww ww lt. h.
vell. - yell,  yell.  yeil, yell.  yell,  yell, vyell, vyell. vyell. yell.  yell,
YiraasYes X+ u oo Satisfactory V... . Very Slight P.esa.Poor WW.....Water White
NeasouNe FueousFair S.eus.Slight NG.....Not Goed

1. Glualitative

2. 180° bend (face-to~face contact)

3. On exposed face.
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TABLE &-28

SeesesSource (See Table 6-2).
\

EPOXIES
Formulations (pbw) |

Component S 528 529 530 531 532 533 536 537
F-525-] 6 200.
F-526-1 -6 200.

" F~527-1 6 200, 200,
ERX=67 23 75, 75. 75. 75.
D.E.R. 741 22 100. 100, 100. 100.
RTV-602 24 25,
F=519-1 6 13.34 13.34 13.34 13.34
D.E.H. 61 22 7.8 19.04 17.92 16.79
DETA 30 0.35 3,04 6.44 3.04 0.64 - 1.29



TABLE 6729
EPOXIES
- Characteristics (Precured) -

Formulations

Properties (1) 528 529 530 531 532 533 536 537
Homogenous ? ? ? Y N ? ? ?
Lumps N N N N N N N N
Coarse Particles N N N N N N N N
Clear T T Slightly T Y N T T T
~olor : whitish. orange {t. yeil. lt. yell. white It. yell. It. yell. It. yell,
orange yell,
Viscosity (RT) between between low fow low low low low
) low and low and
med, med,
\
1. Qualitative. _ YeeoaaYes
N. L NN No

Teesealranslucent

e |



TABLE 6-30
EPOXIES

- Formulation Processing -

Steps (1)
Formulation (2) | (3)
No. F- (°F) (min.) (°F) (hr./min.)
528-1A 73 3 150 4/15
-18 - 73 3 " 43/30
529-1A 72 3 “ 4/0
~1B 72 3 " 43/15
530-1A 74 3 I 3/40
-1B 74 3 u 42/55
531-1A 70 (4} 5 " ' 7/8
-1B 70 (4) 5 ‘ " 35/48
532-1A 70 (4) 2 ’ 7/50
1B 70 (4) 2 ! 36/30
533-1A : 74 3 . 24/30
1B 74 3 " 45/30
536-1A 76 3 " ' 9/30
-1B 76 3 “ 47/30
537-1A 78 3 " 8/40
-1B 78 3 " 46/40
1. No degassing.
2. Blend ingredients at °F for minutes.
3. Cure/post cure,
4,

Preblend resin components at room temperature to 150°F, max., before adding
hardeners. :
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~ Charocteristics (Cured/Post Cured) =

TABLE 6=31

EPOXIES

Formulations

| 528 529 530 531 532 533 53 537 -
Properties {1} - A B A B A B A B A B A B A B A B
Cured X X X X X X X X X X X X X X X X
Tacky N N N N N N N N N N (4) (4) Y N S N
Flexible ] Vs S VS Y 5 Y ] Y VS Y Y Y Y Y Y.
Memory F Vs Y Vs Y S F F F S F S X X X X
Cohesion (XH3) (@) 3 (X3 X (X3 X (XN3) (@) X3 F F F F F F
Tear Resistance (XH3) (@ 0@y (XM F {(X}3) F (O3 03 (03 F F P F P X
Crack Resistance (2) (3) (3) {3 {3) X P - X (a3} (03 (X3 X X X X X X
Crack Propogation (2) | (3) (3) (3) {3) F F X (XK3) 003 (03 X X X X X X
Porous ' Y Y N N N N N N N N N N N N N N
Adheres to unclean :
alum. foil cup 5 V3 5 Vs 5 Vs 5 Vs Vs Vs S X X ] $ Vs
Cheesy N N - N N N N N N N N N N N N N N
Clear Y Y Y Y Y Y Y Y N N Y Y Y Y Y Y
Color ye”. yell.  yell,  yell,  wyell.  vyell, vyell, yell.  White White yell, yell. yell. yell. yell. vyell,
Hardness , 97 90 97 97 .96 . .9 9. 98 . 9 98 - - 85 85 78 B4
Y.uu..Yes Xovo..Satisfactory  VS.....Very Slight P.....Poor
N.cooiMNo | Fouer.Fair S4a04.5hight NG.....Not Good

i . Qualitative

2, 180° bend (face=to-face contact)

3. Too stiff to test,

4, Hot: ¥

Room Temp.: §
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TABLE 6-32

EPOXY PROPERTIES. COMPARISON

kS

(Ref. 4~5)
ERX~67 42 .9% ERX-67 3%2.% ERX~67
57.1% D,E.R, 741 61.% EPON 828 100% EPON 828
11.2 phr CL 16,79 phr D.E.H. 61 13 phr CL 14.5 phr CL
1.29 phr DETA
Properties (F-537)
Bromine (%) ' 46,3 20,3 17.8 0.0
Flammability
1. ASTM D-635-68 non-buming — non-burning self~extinguishing
2. ASTM D-2863-70 (1) D49, - 39. 28.
- 3. Vertical Specimen Instant — Instant 30 sec.
(match ignition} (2) flame out flame out flame out-

Tensile, elongation at 1.4 >100 (3) 6.0 6.5
break (%)
Flexibility rigid flex. (4) rigid rigid

Oxygen Index Method (i,e. measure of % Oy in an O,/N, mixture necessary to support combustion,
ASTM D=-2863-70 type specimen supported in vertical position and ignited at bottom with common paper

book match., Flame activity reported after match comp'etely bums out,

Estimated via hand pull,
See Table 6-31,



TABLE 6-33

EPOXIES

(Test Specimens)

Formulations {pbw)

Component S 597 598 600
D.E.R. 741 22 100.

ERX~67 23 75,

F-597-1 6 175.
F-598-1 é 18.08
D.E.H. 61 22 16,79

DETA 30 1.29

S.so..Source (see Table 6-2)
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TABLE 6-34

EPOXIES

(Test Specimens)

- Formulation Processing -

Steps (1)
Formulation (2) (4)

No, F- (°F) {min.) (°F) (hes./min.)  (°F) (hrs./min.)
600-1 85. 55. 150, 12./30, -— ——
600-2A 78. 45, ! 9./30 - -

~2B 78. 45, R.T. 50./30. 150. 16./30,
600-3A 75. 40. 150, 17./30. -— —-—
-3B 75, 40, R.T. 5 days/ 150, 24./15.
15 hrs,
1. Hand blended for 5.~15, minutes af room temperature.
2, Degossed at °F for minutes under 29, in, mercury vacuum,
3. Cured ot SF for hours/minutes.
4, Post cured of °F for hours/minutes.
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TABLE £-35

EPOXIES

PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS~

Specimen
600-3-6-1 &00-3-6-2 600-3-6-3

0O, Pressure {psia) 3.00 3.00 3.00
N2 Pressure (psia) 7.00 7.00 7.00
Specimen length (in) 5,0 5.08 5.07
Specimen thick, (in) 0.070 0.074 0.076
ignition time (sec) 30. 30, 30,
Burn time l flame-out 36. 40, 40,

(sec) glow-out 0. 0. 0.,
Flame color yellow yellow yellow
Smoke I color black block black

amount (1) P S S

Sparking (1) N N N
Sputtering (1) s slight slight
Dripping flaming particles (1) N N slight
Configuration (2) Y Y Y
Residue (3) (%) 70. 75. 75.
Melted (lj g 5 g
Coler in | exterior black black black

burn areq interior black black black
Texture in powdery Y Y Y

burn area l crusty ? " ? ?

(4}
Conclusion (5) SE SE SE
4.0 3.2 4.2

z

. Amount left in (2),

b O by —

. NC.....Non combustible

« Yoo Yes N..... No.

Profuse

. Generally similar to origingl specimen: Yes or No,

SE.....5elf-extinguishing in XX inches

XX

11-42
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TABLE 6-36

URETHANE CANDIDATE MATERIALS (1)

Vise,
(cps @ M.P, Br, P N Hydroxyl . NCO . Mol,, Equivalent Wi,
Material S | ) (°C) (95) (%) (%) No., F (2) (%) F(2) Wt Calculation - W
FR-1138" 33 --- 75, - 6. - --- --- (2) - - 262, 262./2. 131,
8. 62. ‘
Dibromobutenediol (DBBD) T | p— 115.5 - b4, - _— - 456, (2) —— -— 245.8 245.8/2. 122.9
117.1 64.7 56.1K/456.  123.
Vircol 82 35 || 250, -— -— 11.3 —- 205, 2 o -—- 56.1K/205,  274.
| @ 2s. |
Fyrol 6 36 | 195, -— -— 12.2- 5.2~ ~450, () eme  we= 231, 56,1K/450, 125,
@ 22.8 12.6 5.8
tsono! FRP-8 37 | 200, - — 7.5 -—— 380, -— — 56.1K/380.  148.
@ 50,
Brominex 160P 38| 28-34K --- 34, - 2.5= == 46.=. 2,4 - —— ~3000, 56.1K/48.  1168. .
@ 24.4 36, 2.7 50. 3000./2.4  1250.
Brominex 9107 39} 536. _— 1410 —-m —— —— 21.3 2.8 ~1900, 4.2/1.3 197,
@RT
Isonate 143L 40 | 30, — —— - ——— - 2.1 - 144,
@ 25,
PAPI 901 41| so, - - —— — — 2.3 - 133,
@ 25. ;

1. Material suppliers data except as otherwise indicated.

2. F.....Functionalify
() eeev. Assumed



TABLE 6-37
URETHANE CANDIDATE MATERIALS

- Weight Comparison With Brominex 160P -

(1)
FR-1138 DBBD  Vircol 82  Fyrol 6 Isonol FRP-8
Br (2) Br (2) P (3) P (3) P (3)
1. BrorP, mat'l, 61.5 64,4 11.3 12.4 7.5
as revd. (%)
2. BrorP, mat'l, as 61,5 64.4 11.3 12.4 7.5
revd, {(gm/100. gm
reactant)
3. BrorP, desired 35, 35. 2.6 2.6 2.6
(i.e. B-160P) (%)
4, Mat'l, reqd. 56,9 54.4 23. 21, 34.7 -
(gm/100 gm B-160P)
1. See Tabies 6-2 and 6-36 for identification and properties of the materiais.
2. No phosphorus.
3. No bromine.
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TABLE 6-38
URETHANE CANDIDATE MATERIALS

~ Preblend Equivalents Comparison With Brominex 160P -

Br P Wi, Equiv, Equivalents
Case Material {gm) {gm) (gm)} Wi. Calculation E
1 Brominex 160P 35. 2.6 100, 1168, F = 100. 0,0857
T168.
2 Vircol 82 —- 11.3 100, 274, E= 100./274., 0.365
3 DBBD (1) L T— 5. 123,  _ 55, 0.447
| VLN
Vircol 82 - 2.6  23. 74, o 2. 0.084
7%,
Total 35, 2.6 78,  --= — 0.531
4 DBBD 35, - 55. 123. 55, 0,447
E= . e
123.
Fyrol 6 ——- 2.6 21, 125, p. _21. 0.168
| T25.
Total 35. 2.6 76, === —— 0.615
5 Brominex 160P 35. 2.6 100, 1168, . 100. 0.0857
= T1é8.
Vircol 82 —- 1.13 10, 274, ¢ 0. 0.0365
574,
Total 35. 3.73 110,  -=- _—- 0.1222
6 Brominex 160P 3s5. 2.6 100, 1168, ._ 100, 0.0857
Tiés.
Vircol 82 - 2.26 20. 274, gz 20. 0,0730
) 7E.
Total 35.  4.86 120, - —— 0.1587
7 Brominex 160P 175. 13.0 500, 1168, . 500, 0.4285
= 1188, -
Vircol 82 e 11,3 100, 274, E_l 100. 0.3650
= WA .
Total 175. 24,3 600, == - 0.7935

1. DB3D.... —. Dibromobutenediol, 1-45



TABLE 6-38 (cont)

URETHANE CANDIDATE MATERIALS

- Preblend Equivalents Comparison With Brominex 160P -

Br P Wt.  Equiv, Equivalents
Case Material (gm) {gm) {gm) Wi, Calculation E
8 Brominex 160P 35. 2.¢ 100, 1168, 100, 0.0857
E= am
1168,
Vircol 82 — 4,52 40, 274, E= 40, 0.1460
=
_ Total 35. 7.12 140, - - 0.2317
9 Brominex 160P 35, 2.6 100, 1316, 100, 0,0760
E=-mir
1316.
10 Brominex 160P 35. 2.6 100, . 1316, E=100,/1316, 0,0760
Vircol 82 - 2.26 20, 272.4 £E=20,/272.4 0,0734
Total 35, 4,86 120, -— —_— 0.1494
1 Fyrol 6 — 12.4 100, 125. E=100./125, 0.800
12 Brominex 160P 35. 2,6 100. 1316. E=100./1316. 0.0760
Fyrol 6 — 2.48 20. 125, E=20,/125, 0.1600
Total 35. 5.08 120. ——— — 0.23460
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URETHANE CANDIDATE MATERIALS

TABLE 6-39

~ Formulation Comparison With Brominex 160P -

(1)

‘ Br P OH NCO NCO Equiv, Wt. (gm)
Case Material {gm) {gm) Equiv. Equiv. Calculation W
1 Brominex 160P 35, 2.6 0.0857 wwm —_— 100.
Isonate 143L — —- — 0.0857  (0.0857)(144.,) 12,32
Total 35. 2.6 0.0857 0.0857 === 112.32
31.2 2.32 —_— _— — 100,
2 Vircol 82 —_— 11.3 0.365 —~- —— 100,
Isonate 143L -_— _— ~— 0.365  (0.365)(144.8) 52.8
Total — 11.3 0.365 0.365  —-= 152.8
- 7.29 _— — —_— : 100.
)
3 DBBD/Vircol 82 35, 2.6 0,531 ——- ——— 78.
fsonate 143L _— ——— -— 0.531 (0.531)(144.) 76.4
Totel 35, 2.6 0.531 0,531 — 1544
22.7 1.68  ——- — — 100,
4 DBBD/Fyrol 6 35, 2.6 0.615 === — 76,
Isonate 143L -_— —— _— 0.615  (0.615)(144.) 88.6
Total 35, 2.6 0.615 0,615  —— 164.6
21.28 1.58 - — _— 100,
5 Brominex 160P 35, 2.6 0.0857 ==- ——— 100.
PAP| 501 — - — 0.0857  (0.0857)(133.) 11,40
Total 35. 2.6 0.0857 0.0857 === 111.40
31.4 2,33 —-- — — 100.
6 Brominex 140P 35, 2.6 0,0857 === - 100,
Brominex 9107 2,26 — -— 0.0857  ().0857)(197.) 16.90
Total 32.26 2.6 0,0857 0,0857 =-= 116.90
3.9 2,23 —-- _— ——— 100.
7 B-160P/\V-82
(10 pbw) 35, 3.73  0.122 === - -— . 110.
Isonate 143L — — —— 0.122  (0.122)(144.) 17.58
Total 35. 3.73 0,122 0,122 ——— - 127.58
27,45 2,93  —-m — _— 100.

l1-47



Toble 6-3% {cont)
URETHAMNE CANDIDATE MATERIALS

~ Fermulation Comparison With Brominex 160F -

()
) Br P OH NCO NCO Equiv, Wt, {gm}
Cose Material {gm} {am) fquiv. Equiv, Calculation W
8 B-160P/V-62 ]
{20 pbw) 35, 4,85 0,159 -~ — 120.
[sonate 1431 — —— — 0,159 {0,159)(144.) 22,9
Totcl 35. 4,86 0,159 0,159  --- 142.9
24,5 3,41 - ees — 100,
¢ B-160P/A/-82 .
(20 pbwy 175, 74,3 0,7935 —un -— £00,
PAPI %01 —— w— == 0,7935 (0,7935){(133,)105,4
Totol 175, 24.3 07935 0,935 =-- 705.,4
24,84 3.45 —— — ——— 100.
"1 B-160P AV-E2
(10pbw) 35, 3.73 0,122~ ——— 110,
Brominex 107 3.39 —— —— 0,122 (0, 122)0197.) 241
Total 38.39 3.73 0,122 0122 w——— 1341
28,65 2.79 —— - —— 106,
11 Brominex 160P 35, 2.6 0.0760 w=w — 1¢0,
bonate 1430 - —— — 0.0760  {0,0760)(144.8) 11,
Total 35. 2.6 0,076 0,0760  ~--- 111,
: S1.53 2. e e e o,
12 B-160r/Vv-82 (20 35, 4,86 0.1494 -~ —_— 120,
{sonate 143 PPW/leen —— - 0,14%4  (0.1494)(144.8) 21,466
Total 35, 4.86 0.14%4 01494  w== 141,456
24,72 3.44 _— e _— 164,
13 Brominex 160P 35, 2.6 0,0760 —-= — 100,
' PAPI 901 — - —— 0,0760  (0.C760){(124,3) 10,21
Total 35, 2.6 0,0760 0,0750 — 110,21
kipval 2,36 — — -— 100,
14 Fyral & — 12.4 0.800 --- -— 100,
PAPI 501 —— - - 0.800  (0.8)(124,4) 107.52
Total -—— 12.4 ¢,800 0,800 —— 207,52
--- 3.97 - o --- 100.
15 B-1609/F-4 35. 5.08 0.2360 —-a — 120,00
(20 pbw)
lsonate 1431 === — —m- 0,2360  (0.236)(144.8) 34.16
Total 35, 5.08 0.2350 0.2360 ~-= 15414
22.7 3.29 - - — 100,
16 B-160R/F-& 33, 5.08 0,2360 «aw — 120,00
{20 pbw}
PAPL 901 —-— -— —— 0.2360 (0.236)(134.4} 31.75
Total 35, 5.8 0.2360 0.2360 =~= 151.75
23.1 2.35 c— — 100,

1.
2,

Ser Yoble 6-38
DBED, ... . Dibromobutenediol,




TABLE 6-40

Sueeo.Source (See Table 6=2)

b~

URETHANES
(Phase 1)
Formulations (pbw)
Component S “ 541 542 543 545 546 54-7 548 544 552 554 551 553 555 556 557
Brominex 160P 38 100. 100, 100, 100, 400, 1CO., 400, 100. 100, 400. 100. 100. 400, 100, 150,
Vircol 82 35. 40,
F-545-1 6 100,2 100.2 100.2 100.2
F-547-1 6 100,2
F-556-1 é 350.
lsonate 143L |40, §  14.7814.78 14.78 73,92 73.92
PAP! 201 41 | 13.68 13.68 68.4 . 82.08
Brominex 9107 39 20.2820,28 101.4
- 42‘ :002 "..042 052 0‘2
T-12 43 0.2 0.2
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TABLE 6-40 (cont)

URETHANES
{Phase 1)

Formulations (pbw)

. Component sl ss8 559 560 561 562 566 563 564 565 567 571 572 574 575
i
Brominex 160P | 38 f| 300.  300. 300, 300, 150. 100. 100. 100.
Vircol 82 35, 20. 20, 20.
F-545-] 6| 2004 200.4 200,4 200.4 100,2
F-556-1 6 350. :
F=566-1 é 100.1 100.1 100.1 100.1 :
F=571-1 6 100.15
Fu574-1 & 100.25
lsonate 143L | 40 73.92 | SR 14,3 25.99 13.2 25.99 25.99
PAP| 901 41 68.4 . 75.24126.48 12.25 ‘
Brominex 9107 a9 101.4
1-9 42 0.1 0.15 0.25

Sve...Source (See Table 6+2)




TABLE 4241

URETHANE CANDIDATE MATERIALS (1)

Lg-il

‘Hydroxyl NCO Equivalent Wt, |
Material | - No, F (2) (%) F(2) Calculation W
Brominex 160P 42,6 (1) 2.4 —_— -—- 56.1K/42.6 1316,
Vircol 82 206, (1) 2. e —— 56.1K/206. 272.4
Isonate 143L —_— —— : .--- 2,1 -_— 144,8 (1)

PAPI 201 —— N ——— 2.3 ——— 134.4 (1)

1. Lot data.
2. Functionality.




TABLE 642

URETHANES
(Phase 1)

= Formulation Processing -

\ | Steps )
Formulation (M- (2) (3) {4) : (5) - (8) ¥4)
No, F=- {°F) (min.) (°F}  (min,) (°F) {min.,) (°F) {min.) (°F) (min,}'  (hrs./min.) {hrs./min.}

< €5-11

541-1A 6. 2. e e e e 6. 2. 50./- —
-1B n 1 — R —— —— ——— —— " " " 49./40.

542-1A 68, 3. -— - -— — ——— -— 70. 30. 23./- -

-18 u M —— ——— —— — _— — " " " 24./"

543-1A 73, 4, ——— emm — - -— -— 74, 25. 18./- -—-
-2A fl n —— — Ve ——— —— —— " ’ n . ] 24./_

545-1 70. 3. SR — S — —- “—- 72. 30. -— -

546-1A 72. 5. . - — S p— — — 73. 28, 23./- e
-1B " H — Y o — —— — — " . " " 73./15.

547-1 o 4s — — — — — 30, — -

548-1A . 3. —_— _— -— - - -— 71. 24, 17./45, -—
-18 " " _ —— -_— — - - — " " 73./50.

544-1A " " R — — _— —— i 72, 46, 96./=- —

-1Bp n " — —— —— —— ——— —— " n 45 _/_

552-1A 76. " -— -— —— — -— -— to{8) 4./20, . -—=
18 " " —— ——— _— — _— ——— " " 47./-

554-1A —_— -— 248, 5. 79. 5. 79 3. 80, 27, 74./- w———
-1B —_— e 0] " - " n . n " n [} 1] 45 -/_
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TABLE 6-42{cont)

URETHANMNES
(Phase |}
= Formulation Processing =
_ Steps

Formulation 1) : (2) (3) {4) (5) (4} 7)
No. F- (°F) {min.) (°F) (min.) {°F) (min.) (°F) {min,) (°F) (min.) (hrs./min.) {hrs./min.)
551-1A 68, 3. -— — ——— — ——— -— 70 2. & days —

=1B - n 1} —— —— — —— - — n " H ~24 duys
553-1A 248, 5. — -— -— —— —— -—— 76, 65, ~3 " ——

-1 B u " ——— —— —— —— O —— " 1 " ~ 2 days
555-1A - — 248, 5. 76, 5, 76, 2. 77. 25, 5days/20 hrs, -——

_‘ B ———— JR— " n n n [ 1] u L] n' n " - ~25 qus
556-1 239, 15. -— — —— — -—— -— (239 . 15, - -
557-1 —— e 239, 15, €239, 5, 78. 3, 79. 44, ~7 days -—
558=1A -— —— 239. 5. €239. {9) 5. 76, 3. 76 30, 8./10. C e .

-1B —— — n " 1t " n " " " " 85 ./20.
559-1A — —— " 10, - " 10, 75. 4, " 43, 5./10, ——

-} B —— —— n n n u " " n ] 1 85 ./20-
560-1A -_— —_— " " " " 77, " 78. 22, 6 days/10 hrs,  ——

_" B —r —— 1] [} 1] 1] L] it n it n ~ " 7' da)'s
561-1A — e " " " " 82. 3. 82. 18. 55./45, ---

-1B -—— —— n n " n u n 1" 1] u 15 -/_
562-1A S — 239, 10, " " 79. " 80. 20. 53./10. -

_1 B — - " " u ] " [0l u " L] 15 '/_



o1l

» Degassed ot °F for
cooled, ond added diisocyanate,
4, Blended ot °F for

min. under 29 in, mercury,

minutes,

O N Oy
.

Post cured at 150°F for
« Viscosity increased too rapidly to degas.

hours,

TABLE =42 (cont)
URETHANES
(Phase 1)
- Formulation Processing =
Steps

Formulaiion m (2) (3) (4) © (5} 6 - - @
No, F- {°F) {min.) {°F) {min,) {°F) {min.) {°F) {min.) {°F) {min.,)  (hrs./min.) {hrs./min.)
566~1 70, 4, —— ——— ——— ——- -_— -— 70,-80, ~24 hrs, -— - ——— ’
563-1A 76, 3, —-—— —— -— — -— -—— 76, ~5-1/2 hrs, 47./30, —

=18 1 " — —— -—— ——— — — ] " n A8 ./_
564-1A — —— 74, 4, ~75, ~72, hrs, 74, 3. 74, 40, 5 days/19,hrs, ===

-1B —_—— — [ n " " n 1" " " " 85./50.
565-1A 76, 4, —— — —-_— - -— -— 77, " 24,15, ———

=1B ] 1] —— — —— ——— — — " " n 24.’/30.
567-1A 82, 4, —— - _— — -— - 82. 10. 20./35, ———

-1B n ‘ n - —— —— — — ——— n " H 71 ./1 5.
571=1 75, 4, — —— — —— _— — ~75, 8. hrs,/  w=- —

30.min,.

572"] A — A 8‘4. 3. 84| 2- hrs- 84- ' 84' 15. 470/450 -

_~| 5 —— —— u " " ] L] [} n n " 64./35.
574-1 77. 3. — -— -— ——— _—— — 7. 6.hrs,/ ——— _—

10.min,.
- 575-1A T - -—— 76, 3, 76, 10, 76, 4. 76. 20, 24./30, -—

_] B ‘ —— - 1] n n u n n 1l " f
1. Blended ot °F for minutes, ‘ » Degossed ot °F for min, under 29 in, mercury.
2, Preblended polyols at °F for minutes, . Cured at 150°F for hours,
3



TABLE 4243
URETHANES
{Phasa 1)
’ ~ Characte stics =
Formulations . .
541-1 542-1 5431 §45-1 546-1 5471 5481 54441 552-1 554-1
Properties (1) A B A B A ] A B A B A B -A B . A
Homogenous (2) Y Y Y Y {8) 8) Y Y Y Y Y Y Y Y Y Y Y
Lumps {2) ' N N N N N N N N N N NN N N N N N
Coarse Particles (2) N N N N N N N N [N N N N N N N N N
Clear (2) Y Y Y Y N N Y Y v Y Y Y Y ¥ N N Y
Color (2} yell. yell, yell, yell, white white orcnge vell. <yell,  orange yell, yell, bm. bm. bm, bm. ben,
g Viscosity (RT) (2} med. med., (7} {7) (7) @ high med, med. med, highmed., high Thigh mgd. med., le;;h h(i7g)h med.
" Cured A I T T S — 7Y - A B T
Tacky h 4 5 5 VA S Vs ——— Y N —_— Y 5 Y V5 Y N Y
Fl=xible Y Y ——— Y - Y _— Y Y — Y Y Y Y Y h Y
Memory Y Y e Y eme Y - i Y —_— Y Y Y ‘ Y Y Y Y
Cohesion I3 F \ - () -  (8) —_— F F _— F F F F (2) (8) F
Tear Resistance NG NG -—— {8 - (& — F R — R R F F 8 @B F
Crack Resistonce (3) . . (8) X ——— () — (8) -— X X -— X X X X X X X
Crack Propogation (3) 5) X “—-t (8) —-— (8) - X X -— X X X X x X X
Porows s 5 -_ Y - Y —m S S -— Y Y N N Y 'y N
Adheres to unclean . i .
alum, foil cup —_—— === Y Y N e -— Lmme e -— m——, mmm mmm eee N F —
Cheesy N N — N -— N - SN N -— N N N N N N N
Cleer {4) (8) (&) (8) @ {8) Er . -— Y Y -— Y Y Y b {3 | (8} Y

Color {4} trn.  bm., bm. bm. b, bm, — brr.  dk bm,  —-- brn. dk.brn. bra. brn, ' bm, dk.bm, brn.




TABLE 5-43.{cont)

URET]-iAi;JES

Phrise

= Charazteristics =

Formulations

el |

551-1 553-1 555-1 5561 5574 558-1 ~559-1 560-1 5611 5421
Proserties (1) A B A B A B A B A B A B A B A B
Homeyenous (2) Y Y Y ¥y Y Y Y Y Y Y Y Y Y 'y v y ¥
Lumzs {2 N N N N N M N N N N N N N N N A N N
Tocrse Particlos (2) N ‘ [\ N N N N ™ N ™ N N N N N N N NN
Cleer {2} Y Y At Y Y Y Y Y Y Y hd Y Y Y Y Y Y Y
Colar {2} yell,  yell,  yell, yell. yeli, vyell, yell. brn., vell. yell, bm, Em. yell. yell. bm. bm., bm, br
Vizeosity (RT) (2) low low (7) 7) botween med, low between low  med. med. med. med. med. med., med, med, low  lov
med, med, and high ond med, med, me
Cured NGON 7?2 2?2 2 % e N Y Y Y Y N % ¥ Y 2 ¥
Taczky Y Y Y V3 Y 5 ——- Y Vs VS % M Y Y N N 5 N
Flexible Y Y Y Y Y Y — {?) Y Y Y Y Y Y ™ Y Y Y
Mamary F Y " v Y Y Y ——— {7} ¥ Y Y Y Y Y Y Y Y v
Cohesion NG NG F F F F ——— (%) F F F r NG NE F F X bt
Tear Reslitonce NG MG NG NG NG NG -—— ?) F I3 P P NG NG P P p P
Crack Resistance {3} X X X X X X — (%) X X X X X X X X X X
Crack Propagetion (3) ' X X X X X b 4 -_— (%) X X X X X X X X X X
Porous N N NTOON N N - e N N N N N N N N N N
Adheres to vnclean
alum. foil cup - ——— | N Y 5 —— {?} 5 5 3 N F F i N Y Y
Cheesy N N N N N M —— 93 NN N N {7} N N N N N
Clear (1) Y Y Y Y Y Y ——— ——— Y Y Y Y Y Y hd Y Y Y
Color (4) bra., dx.bm, 14,.bm, ;‘i?rn‘. bra. b, — bria bra. dk.bm. bre, dk.beoe brn, diibm. Brmne bm, b, bm

-



e

TABLE 6543 {cont)

et

T
b
e

URETHAMNES
(Phase |)
= Characteristics =
Formulations '
568-1 563-1 5641 565-1 567=1 571-1 572-1 574-1 575-1

Properties (1) A B A B A B A B A B A B

Homogenous (2) Y Y Y Y Y Y Y vy y Y Y v Y Y Y

Lumps {2) N N N N N N N . N N N N N N N N

Coarse Particles (2) N N N N N N N N N N N N N N N

Clear (2) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Color (2) orange vell, yell, It, It. bm, bm, I, It. orange ft. It. © orange it, It.

bm, brm. bm. bm, brn, bm, bm. bm. brm. bm.

Viscosity (RT) {2) high med, (1) (10) med. med. med, med. med, med, high med. med., med, high med, med, med.
7. Cured - Y N 2?2 2 2 %2 --- NI T — ?

Tacky —— Y N Y 5 S 5 Y Y - Y 5 — Y

Flexible ——— Y Y Y Y Y Y Y Y —_— Y Y —-— Y

Memory ——— Y Y Y Y Y Y Y Y - Y Y- -— Y

Cohesion -— F F NG F F F P P - P. F — F

Tear Resistance —— NG NG NG F P P P P — P P —_— P

Crack Resistance (3) -— X X NG X X X X X -— X X -— X

Crack Propagation (3)  -—- X X NG X X X X X -— X X — X

Porous | -— 1)y Q1) 4y (4) (4) (4) s s -— (14)  (14) -— (14 (14)

Adheres to uncleen alum,

foll cup —- (12)  (12) ~=m mem = mmm e e - SR — -

Cheesy -— N N N N N N N N ——— ) $(9) -— 5(%)

Clear (4) —— Y Y Y Y Y Y Y Y -— Y Y — —

Color {4) _— brn. b b brn  bmi b, - lt.bm, bm, -_— brn., dk.bmn, -e= t.brn,



TABLE 6-43 (cont)

URETHANES
(Phase 1)
YeeoosYes X+ ... Satisfactory VS.....Very Stight
Niooo.o No F.....Fair Seee..Slight
1. Qualitative.
2. Before cure,
3. 180° bend (face-to-face contact), .
4, After cure,
5. Faces stuck together,
6, Slightly translucent,
7. Viscosity rapidly increased.
8. Foamed.
9. Gummy,
10. Medium-very high,
11, Strip: N
Sheet: Y
Block: foamed top 1/3
12, Adheres well to Mylar,
14, Strip: Y
Sheet: §
Block: Y

I-58

P.....Poor
NG.....Not Good
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TABLE 6-44

URETHANES
(Phase 1)

Formulations {pbw)

Corr;p0ﬂenf S 576 577 578 579 580 . 581 582 583 584
Brominex 160P 38 75. 25. 75, 25, 75. 25,

F=576-1 6 88.2 88,2

F-571-1 (1) 6 25.15 25,15 25,15
F~579-1 6 : 87.25 87.25

F-582-1 6 95.28. 95.28
Isonate 143L 40 13.20

PAPI 201 41 12,25

Brominex 9107 ( 39 20.28

See...50urce (See Table 6-2),

1. See Table 6-40,




" TABLE 6-45

URETHANES
(Phase 1)

- Formulation Processing -

Steps
Formulation . (1) (2) (3)
No. F- (°F) (min.,) (°F) {min.) {°F) (hrs./min.)
. 576 83, 3. 83. 7. 150. _/79
577 79. 2. 79. 15. n 45/~
578 79. 2, 79. 15. : 44,/45
579 83. 3. 83. 5. " /75
580 79. 3. 79. 15. " 4410
581 79. 3, 79. 15. " 44010
581 79. 3. 79. 15. . 43/50
582 83, 2. 83. i0. z _/73
583 81, 4. 81. 15, " 42/-
584 80. 4. 80. 15. " 43/-
1. Blendedat ___ °Ffor __ minutes.
2. Degassed at °F for minutes under 29 in. mercury vacuum.

3. Cured af °F for hours/minutes.

11-60




TABLE 6-46
URETHAMES

PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS~-

R A

N.usasNone

SeeiesSome

P.ees.Profuse

Specimen
567-1B-6-1 567-1B~6-2
02 pressure (psia) 3.00 3.00
Ng pressure {psia) 7.00 7.00
Specimen length {in) 5.0 5.0
Specimen thick, (in) 0.078 0,080
Ignition time (sec) 30. 30.
Burn time flame-out 31, 35.
(sec) glow=-out 0. 0.
Flame color yellow yellow
Smoke color black block
amount (1) P 5
Sparking (1) M N
Sputtering (1) N N
Dripping flaming particles (1) N N
Configuration (2) Y Y
| Residue (3) (%) 75. 65,
Melted (1) N N
Color in exterior black block
burn area | interior : black block
Texture in | powdery Y Y
bum area| crusty Y ) Y
(4)
Conclusion (3) SE SE N
4.7 . . 4.0

. Generally similar to original specimen: Yes or MNo.

. Amount left in {2),
e Yous..Yes MN.....Ne
« NC.....Non combustible

oo LA

e e b —— -

SE.....Self~extinguishing in XX inches  NSE.....Non Self-extinguishing

XX

11-61 -

v— et
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TABLE 6-47
EPOXY-URETHANES

(Pre-Reacted Urethane)

Formulations (pbw)

Component S 538 539 540
XD 3592.01 44 100, 100, 100.
ERX-67 23 75. 75, 75,
DEH-61 22 21.71 17.37

DETA 30 3.10

DMAPA 45 25,01

© §.....S0urce (See Table 6-2)

PP

A e e amiar o e R Tl



TABLE 6-48

EPO XY-URETHANES
- [Pre-Reacted Urethane)

~ Formulation Processing -

' Steps (5)
Formulation (1) (2 (3) (4)
No. F- (°F) . {min.) (°F) (min.} (°F)  (hr./min.) (°F) (hr./min.)
538-1A 150, 5. 76, 4, 150. 4,10,  =— -—
-1B n " n " n n 150, 1 6_/20_
539-1A " " 73. " 150, 4./30,  --- ———
-iB u u L] ] " " 150. s ./] é.
540-1 " " 77. n n 4./45. — —
1. Preblend the epoxy resins ot °F for riinutes, then cool.
2. Add the hardener(s) and reblend at °F for minufes.
3. Cure at °F for hours/minutes.
4, Post cure at °F for hours/minutes.
5. No degassing carried out.

1H-63




'TABLE &-49

EPOXY-URETHANES

. (Pre-Reacted Urethane)

= Characteristics -

-

Formulations
: 538 539 540
Properties (1) A B A B
Homogenous (2) ? ? ? ? Y
Lumps (2) N N N N N
Coarse Particles (2) N N N N N
Clear (2) N N N N Y
Color (2) [t.yell, lt.yell.  lt.yell.  ltoyell.  It.yell.
Viscosity (R.T.) (2) med, med, med, med, s.less
med,
Cured ? Y Y Y Y
Tacky (5) N N N N
Flexible S (6) N N (6)
Memuly — —— e —— - —
Cohesion X X X X X
Tear Resistance X X X X X
Crack Resistance (3) 7) 7) (7) {7) {7)
Crack Propagation (3) 7) (7) (7) 7] 7)
Porous S S Y Y ?
Adheres to unclean N ‘N N N N
alum, foil cup
- Cheesy N N N N N
Color (4) s.yell.  soyells  suyell,  s.yell.  (8)
Clear (4) Y Y Y Y ()
YeeeooYes Xe oo oo Satisfactory VS, ... Very Slight P.e...Poor
N.....No F.....Fair SeesseSlight NG.....Not Good
1. Qualitative, 6. Brittle.
2. Before cure, 7. Unbendable,
3. 180° bend {face=to=face contact), 8. Strip: White
4, After cure. R.T.: Yell.
5. Hot: Yes 9. Strip: N
Cold: No R.T.: Y
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. TABLE 6-50

EPOXY-URETHANES
(Co-Reacted)

Formulations {pbw)
Component s 568 569 570 573 535 586 587 588 589 590 591
ERX67 23 100, 100, 100. 100. 100. 100, 100. 100,
Brominex 160P 38 50.  274.25 274,25
F-571-1 (1) 6 549,32 549,32 549.32 5. 549.32 5. 549,32
F-585-1 6 4.76
F-587-1 6 ' 4,76 .
F-574-1(1) 6 50,13  274.94 274,94
Vircol 82 T 19.7
Fyrol 6 46 . 20. 109.7
AF-2 _ 6 1.
AF~4 6 .
sonate 143L 40 ‘ 144.4 144.6 202.5 144,6 144.6
PAPI 901 n N.75 1347 276.06
S...s50urce {See Table 6-2) ' .

1. See Table 6-40,
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TABLE 6-51

EPOXY-URETHANE ELEMENTAL ANALYSIS

= UNMODIFIED (1) -

(Calculated)

Cmpd, Wt, Bromine Phosphorus Nitrogen (3) Nitrogen @)
Material {gm) Calculation {gm) Calcu'ution {gm) Calcuvlation {gm) Caleulation (gm)
ERX~47 100. {51.5) (1003100, 51.5 -— — (3.18) (100,)/100. 3.18 {3.18) (100,)/100, 3.18

(2)

Brominex 140P 548.5 (35.) {548,5)100, ' 192.0 (2.6) (348.5)/100, 14.28 -— -_— — —_—
Stonnous octoate (5.485) (0.15) — | mm— ——— —_— - _—— ——

=0.82
Isonate 143L 144,6 (5} == —— ——— -— (11.2) 144,8)/100, 16,19 (2.1 (11,2} (144, 8)/

(100.) (2. 16,98

Total 793.92 -— 243.5 --- . 14,28 -— 19.37 = ' 20,16

100, - 30,7 ~—- 1.80 - 2.45 ——— 2.54

oy e GO N —
.

.

Ses F-570, Toble 6-50,
54,3%, If pure N, N-diglycidyl=2,4, &=tribo
1-1 43L'ussumed sir:ﬁlor to diphenyl:ne'fhane diisocyanate (i.e. opproximate functionallty, = 2.0,:11.2% N
1-143L assumed essentially similar to diphenylmethane diisccyanate {i.e. actual functionality = 2,1) (Ref, 6~12),
Based on 1.2 +imes stoichiometric.

romoariline.,

) (Ref, 6-11).
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TABLE 6~ 52

EPOXY-URETHANES
(Co-Rearted)

~ Formulation Pracessing -

. Steps
) (2) (3 (4} {5) 1) @ (8) ‘
Formulation . (hrs./ (hrs./ thrs./
No, F= {°F) {min.) (°F) {min,) (°F) {min.) {°F) {min,} (°F) {min.} {°F) min,) {°F) min.}  (°F) min.)
568-1A 82. 3. — -_— ——— ——— - -— B2. 5. RT . bdays/ === — ——— ———
_ 21, hrs.

-1B w “ —— —— — — — —_ u " 150. " — — —— we

569-1A 79, 2. —— ——— — — —— — 79. n RT 6 days/ -— —_— —— e
16. hrs.

1B n n —— — — — — —— " " 150, " ——— — — e
570-1A o — 79, 3. 79. 15. 7%. 3. " 15, " N./5, =n- —~—— — ——

_-l B — — ", " " n " 1] " " " 1] 150. 24./_ e m
570421 —— ——— 83. " 83. " 83. n 83. " . n ]4_/0 —— ——— — —

=2-3 — ——— A " n " 1} " n n n " 150, 23 ./‘_ - mme

-2-3 —— — n m " " " " ] w n " M " 1 50. 18 ./30.
573-1-1 -— e 73, " 73. " 73. " 73, " " NN5. —— - ——— -

12 -——— — ] " n " n " " n u ] 150, ]8./‘ o .
1. Blended @ °F for minutes,
2. Preblended polyol(s} {and epoxy} @ oF for minutes,
3. Degnssed @ °F for min, under 29, in, mercury, cooled, and added dilsocyonate,
4, Blended @ °F for minutes.
5., Degossed @ °F for min, under 2%, in. mercury.
6. Cured @ °F for hrs. /min,
7. Post cured @ °F for hrs./min,
8. Additional postcure @ 7 °Ffor  hrs,/min,
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BT e

e . - . o
TABLE &-52 leont)
EPOXY-URETHANES
(Co-Reaclad) -
Y ~ Fermulation Processing w
. Steps
(1) 2y . {3) (4) {5) {6) (8)
Formulation ) {hrs./ thes, / {(hrs
MNo, F- (°F) {min.) {°F) {min.) {°F} {min,) {*9) {min.) (°F} (min.) {*F) min.) {°F) min.)  {F} min
570-3 — -— 84, 3. 84, 15, &4, 3. 84, 10, 150, 21./0 150, 26,/158, mem el
5351 8. 3. — . — - — — 86. 30. —— e e e
586-1 —-— -— 78, 3. 78. 15. 73, 3. 78, 7. 150, 19./50. 150, 33./30, ——= .
587-1 84. 3, — e — _— - — 84, 30, —— —— e e
588-1 — e 78, a. 78. 15, 7€, 3, 78. 5. 130, 13./30, 150, 33./50, emn .
5891 — - —— e — - 79, 4. 79, 5, — e e
N r
590-1 —-— —— 77. 5. 7. 15, 77. 4., 77. 30, 150, §4./20, - — —— r—
S84 — —— 7. 5. 77. ic. 77. 10, 77, 40, 150, 53./15, --a —-— = -—
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+ . -
! - - - 2 . N
TABLE 6-53 .
EPOXY-URETHANES ' ;
‘. (Co-Reacted), .
= Characterlstics =
5481 569-1 570-1 570-2 5731 -
Properties (1) A B A B A 8 1 2 3 1 2 590 591
Homogenous (2) Y Y Y Y Y ¥ Y Y Y Y ' Y Y
Lumps (2) N N N N N M N N N N N N ™
Coarse Particles (2) N N N N N N N N ] N N ] N
Clear (2) Y Y Y Y ¥ Y Y Y Y Y Y Y Y
Color (2) yall, yell. yell, yell, yell, yell, yell, yell. bmil it, bm, U, b, It. ben, It. ben.
Viscosity (RT) (2) med, med, low'. low . med, med. med, med, med, low low med, low
med, med, med,
Cured N {5) N (5) N (&) N {6) Y Y M ? LY N Y Y Y .
Tacky - — - - N N Y N N Y N N N ?
Flexible -— ——— — -— Y Y Y Y Y Y Y Y (10} i
Memory -— -— -- - Y Y v Y % Y Y Y (10) ;
Cohesion - - _— - F X P X X P F X (10)
Tear Resistanca -— —_— -— —— F F P F o F P F F (10} :
Craek Resistance (3) — -— — -— X @ X (7) X X X X X X (10)
Crock Propagetion (3) _— —_— -_— — XN X (7} X X X X X X 110}
Poraus —— — -— - 3 5 {9 (9 4] i Y Y (10)
Adheres to uneleon
alum. foil cup ——— — -_— - $ _— — — — — — F P
Cheasy -— - -—- e N N N N N N ™ N N
Clear {4) Y Y Y Y {8) {8 Y Y ¥ Y Y Y (10)
Color {4) yell, yell, yell, I, bre, It. brn. it, bm. it. brn, It bm, It. brn. yell. 1t, brn, ben, ben,




TABLE 6-53 (cont)

EPOXY-URETHANES
(Co-Reacted)

Y..o..Yes X. .o Satisfactory VS.....Very Slight

il
e

N.....No F.....Fair Sees..Slight
1. Qudlitative,
2. Before cure.
3. 180° bend (face-to-face contact).
4, After cure.
5. No change.
6, Surface gel.
7. Approx. 1/8 in, thick,
- 8. Slightly translucent.
9. Strip: Y on bottom

Block: Very few
Sheet: Some.
Gelled during degassing; profuse voids,

I1-70

P.....Poor
NG....-NOT Good
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TABLE 4-54
EPO XY-URETHANE ELEMENTAL ANALYSIS

- Vircol 82 Modified (1) -
{Calculated)

Cmpd, Wt, Bromine Phosphorus Nitrogen (3) Nitrogen (4)
Material {gm) Calculation (_gm) Calculation (gm) Calculation (&m) Caleulotion {am)
ERX~67 100. (51.5} (100.)/100. 51.5 ——— — (3.18) (100.)/100, 3.18 (3.18) (100.)100.  3.18
(2}
Brominex 1 60P 548.5 (35.) (548.5)/100. 192.0 (2.6) (548.5)100. 14.28 —— - -— ——
Stannous octoate {5.485) (C,15) - —— -—= — —-— - — —
=0.82
Vircol 82 1090.7 -— —_— {11,3) (109.7)/100, 12.38 - ) _— _—
lsonate 143L 202.5 —— _— ——— --- (11.2) (202.5)100. 22.7 (2.1} (11,2) (202.5)/ 23.81
(100,)(2.)
Total 261,52 -— 243.5 --- 26,66 -_— 25,88 ——— 26.99
100. ) -— 25.33 cuw 2.77 —_— 2.69 _— 2,81
1, See F-573, Toble 650,
2. 54.3%, if pure N, N-diglycidyl-2,4,&«tribromoaniline.
3. 1-143L essumed similar to diphenylmethane diisocyanate (1.e. opproximate functionality = 2.0,:11.2% N) (Ref, 6-11),
4, 1-143L assumed essentially similar to diphenylmethane dilsocyanate (i,e, actual functionality = 2,1) (Ref, 6-12),
5. Based on 1.14 times stoichiometric,

I~



TABLE 6-53

EPOXY-URETHANE ELEMENTAL ANALYSIS

-~ UNMODIFIED (1) -

{Calculated)

*

Nitrogen {4)

Cmpd, Wh, Bromine Phosphorus Nitrogen (3)

Material {gm) Calculotion {gm) Calculation {gm) Colculation {gm} Calevlation (gm)

ERX-67 100, {51.5) (100, )100, 51.5 - -— (3.18) {100.)100. 3,18 (3.18) 100,)1100,  3.18

{2}

Brominex 160P 548.5 (35.) (548,5)/100, 192.0 (2.6) (548.5)/100, 14,28 -— —-— . _—

Stannous octoote (5.485) (0,125) —-— -— —— — -—— e -_— -—
= 0,49

PAF| 20 134.7 (5) -— —— —— — (1,0 (134,7)100, 14,82 (2.3} (11.0) (134.7)/ 11,37

(100,) (3.0)

Total 783.89 —— 243.5 -— 14,28 —_— 18.00 ——— 14,55

100. N - ana -— 1.82 - 2,30 - 1.86

TL-1)

Sea F-590, Table 6-50,

54,3%, if pure N, MN-diglycidy!-2,4, é~trlbromoaniline,
PAP! 901 assumed similar to polymethylene polyphenylisocyanate . (I.e, approximate functionality} = 3.0,
PAP! 201 assumed essentially similar to polymethylene polyphenylisocyanate {i.e. actual functionality = 2,3) (Ref, 6=14},

Based on 1.2 times stoichiometric,

11,00 N) (Ref, 6-13),



TABLE 6-56

EPOXY - URETHANES

PRELIMINARY FLAMMABILITY
=TEST CONDITIONS/RESULT S~

W ST T, e T s e

Specimen )
570- 370-- 573-1B- 573-1B- 573-1B- 590- 5%0-
2C-6-1 2C-6-2 «2-56-1 2-6-2 2-6-3 2A-6-2 2A-6-3
O3 pressure (psia) 3.00 3.00 3.00 3.00 3,00 3.00 3.00
N2 pressure {psia) 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Specimen length (in) 5.0 5.0 4.9 5. 4,65 4.5 4.5
Specimen thick, {in) 0,084 0.083 0.089 0.087 0,090 0,072 0,072
ignition time (sec) 30, 30. ‘ 30, 30, 30, 30, 3
Bum time flame-out 34, 35. 37. 42, 3. 32. 32.
(sec) glow-out 0. 0. 0. 0. 0. 0. 0.
Flame color yellow yellow yellow yellow yefloﬁr yellow yellow
Smoke color black black klack black black black black
amount (1) P S 5 S P 5 P
Sparking (1) N N N N N N N
Sputtering (1} N slight N N slight N N
Dripping flaming particles (1) N slight N N slight N N
Conﬁguration (2) . Y Y N Y Y N N
Residue (3) (%) 75. 70. 50, 55, 55, 50. 48,
Melted (1) N N stight slight slight N N
Color in exterior black black brn/blk brn/blk brn/blk block black -
burn area | interior biack black brn/blk brn/blk brn/blk black black
Texture in | powdery Y Y Y Y Y Y Y .
bum arec | crusty Y Y Y Y Y Y Y
(4} . '
Conclusion (5) SE SE SE SE SE SE SE
3.5 3.3 4.8 4.5 4.6 3.4 3.7
1. N.....Nore Sevens Some P.....Profuse '
2, Generally similor to original specimen: Yes or MNo.
3. Amount left in (2).
4, Y.....Yes NioiooNo -
5. NC.....Non combustible  SE.....Self-extinguishing in XX inches  NSE.....Mon Self-extinguishing

XX

N-73
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3. 5Ses Toble 7-1,

-
r.' . L] - - N e
TARLE 6-57
ELECTRICAL RESISTANCE
(Gruclitativs, (1)
\ 5aecimen Mo, F- . .
. Requirermenty| .586-1-5 - 471-3-5 400-1 -4 | 5367-1B 543-13- 565-1B - 572-1B | 570-2A-2 590-6 . 6011 : -590-38-5
Toble [iof moditied modified

Resistance . Appendix A | silicone RTV | fluorosilicone RTV| epoxy urethane epoxy~urethane
, ) {3 (3g . (3; () (3)
T min, - 0.667 2,127 0.037 0.00758 0.00646 ©,000834 0.004631 0.40 0.178 1.086 0.3

Tthure max, - 0.893 2,36 0.185 0.0132 ¢.0122  0.0086 0.018585 | 1.667 1.0 2.173 0,494
':}'Li? ave, i. 0,763 2.237 0.1292 0.01013 0.00%07 0,00576 0.00%8%9 3 1,232 0.597 1.5%9 0.651
(x10'? ohms) Pin Pairs 4 4 4 4 4 3 4 4 4 4 4
after min, - 6.25 - 0.0924 i.19 o ?.26 5,32 8770 7.47
moisture max. - 29.4 0,208 1.79 {2) (2) (2) (2) 37.0 454, 20800, 45.5
Lyc|g ave. 200, 14,65 0.1451 1,49 . 23,29 199,47 14510, 28.04
{x10% ohms) Pin Pairs 4 4 4 4 4 4 3
1. See Section 5.6, L
2, Specimen decompoted,



TABLE 6-58

ELECTRICAL RESISTANCE TESTS

- Qualitative vs, Quantitative -

Electrical Resistance (Ave.) (1)

Formulation Test pre-moisture post-moisture
No. F- Type Lab., cycle (x1 ol ohms) cycle (x1 0° ohms)
596-1-5 modified  Furane 0.763 14.65
596~1-13, silicone
-14, -15 RTV Delsen 1920, 45, x 106
590-3B-5 epoxy- Furane 0.651 28,06
590-3A-13 vrethane  Delsen 14. 1800,

1. Ambient tests.

N-75



TABLE 6-59

EPOXY-URETHANES

EVALUATION OF PROCESSING VARIABLES

AND ANTI-FOAM AGENTS

1. Proprietary Furane anti-foam agent added to resin in quantity of 0.1% by weight.
2. Methyl efhyl ketone vsed to clean mold surfaces,

~ O bW

11-76

. None in resin, but mold dipped in anti-foam agent and oven dried at 150°F,
« Commercial grade, 2-1/4" dia. dlsposable cups.
« Cloudy; voids not visible,

« Overflowed in vacuum oven.
+ Opaque layer on cpen surface

Formulation/ | Anti-~ Teffon -TFH Specimen Observations
Specimen Foom MEK Covering Wt, Initial Final Other
No. agent (1} | (2) on Mold | Mald {gm.) Voids Voids Comments
profuse
570-3-1 N 5. Y at base {7}
586-1-2 AF-2 "shop" pre~ 5. Y " "
few at
570-3-3 AF-2 (3) vious- 5, N base !
profuse
570-3-4. N iy strip 5. Y ot base "
586-1-5 AF-2 reagent | used (see 5. Y (-5 <2) "
) few at
570-3-6 AF-2 (3) Section| 5. N base "
570-3-7 AF-4 (3) 5.4) 5. N " "
profuse
570-3-8 N "shop 5, Y at base "
570-3-7 N reagent| new 5, Y " "
570-3-10 N N 5. Y " "
some
570-3-11 N N 5. {5) thoughout "
' profuse
586-1-12 AF-2 5. Y at base "
_ some
570-3-13 N "shop" N alum, 5. {(5) throughout "
586-1-14 AF-2 cup 5. Y " (-14¢ "
-12, -16)
some
570-3-15 N reagent (4) 5. (5) throughout "
profuse
386-1-146 AF-2 5. Y at base f
) few at
570-3-17 N poly- | 25. N top "
586-1-18 AF-2 N N eth, 25, Y " "
588-1-19 | AF-4 bag | 25. Y " :
profuse at
388-1-20 AF-4 reagent| new strip 3. Y base "
2nd some (6}
588-1-21 AF-4 use 5, ? throughout N
Yeeuos Yes N.oooas No or none
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TABLE é-40

URETHANES

=4

EVALUATION OF CONTAMINATION BY ANTI-FOAMING AGENTS

570-3B-17 586-1B-18 588-1B~19
no anti-foam AF-2 (6) AF-4 (6) - "' Requirement
{1) : NV Y -Nv - -NV -V {1)
{para) Test {2) 3) {2) (3) (2) (3}
3.4.2 Offgassing (5)
CO: ( gm/gm) 5.1 6.2 4.8 5.3 5,2 6.6 25., mox.
TC: (" ") 635.0 435.0 511.0 313.0 676.0 212.0 100., max.
wt, loss (gms/gm) 0.0m17 0.0003 0.0014 0.0004 0.0019 0. 0001 -—-
3.4.4 Vacuum Volatility
wt. loss (%) :
min. 2.2891 1.9643 2.0504 2,0906 1.9309 2.0869
max. 2.4862 2.1264 2.1367 | 2.3934 1.9351 2.2027
ave, 2,3877 2.0457 2.0936 2.2420 1.9330 2.1448 1.0
no. spec. 2 2 2 2 2 2 ‘
VCM (4) (%)
, min, 0.1204 0.0527 0, 0435 0.0972 0,0550 0.0437
max. 0.1455 0.06%1 0.0728 0.1556 0.0615 0,0566
- ave, 0.1331 0.0607 0.0582 D.1264 0.0583 0.0502 0.1
_ no, spec, 2 2 2 2 2 2

1. Appendix A.

2. Tested s fs.
3. Specimen preconditioned as follows:

a.

C.

4, Volatile Condensable Material.

-

Expressed as pentane equivolents.
Proprietary anti-foaming agents (Furane Plastics).

Eight (8) hours at 150°F under 1076 torr, or less, vacuum, .
b. Cool the specimen to ambient temperature before removal from the vacuum chamber,
Expose the specimen to ambient temperature and air for 30 minutes.
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Componant

595 596

593

4n-2,
3745

604-1

TABLE 7-1

FINAL SCREENING/PRODUCT CHARACTERIZATION

Formulations {pbw)

597 598 600 403 571 574  590-2-3

590-4

592 5905 590-6

599

&0

602

Sylgard 186
Phox-Chek P/30
Glass Frit 7570 (1)
RTV 94-531
Dechlorane 604 (2}
D,E.R, 741

ERX=&67

Brominex 160P
PAP1 901

F-595-1
F=593-1
F-593-2
F=597-1
F-597-2
F-398-1

F-574-]

F-571-1
F-592-1
F-599-1
F-599-2

Stannous octoate

Sylgerd 186 CLAL
RTY 94=531 C.A.
D.E.H. éi

DETA

[« 0 e S T e S+ SR R S s

&

-

5
22
30

Sevaas Source (See Table 6-2)

1. 325 mesh, predried at 212°F,

2. As received,

&)
100.
50,
25,

175,

10,

100.
150.

250,

10,

@«

100, -
75. 100,
100, 100, 274,25
134.7

250Q.
175.
175.
18.08 18,08
274.94

015 0.25

16.79
1.2¢

3, Same final formulation as F~476.,
4, Same final formulation as F~537.

5, Same final formulation as F-590.

36.58
45,87

23, 100.
548.5

30,956 134.7

126.5

0.125 0.49

100
548,5

.55

)

135.5

649.05

&)

135.5

592,13



TABLE 7-2

FINAL SCREENING/PRODUCT CHARACTERIZATION

~ Formulations Processing -

Steps
Formulation (1) (V3] 3 (4)
No. F- (°F) (hr./min.)  (°F} (hr./min)  {°F)  (hr./min.) (°F) _ (hr./min,
595-1 74, -/30 74, 4/- —— - e
596-1 73. -/35 73.  1/15 150.  15/45 R —
-2 76. -/30 74, 1/20 " 18/30 —— e
-3 80, -/5 77, 2/30 " 18/- — -
-4 80. -/15 80.  1/30 " 2/5 150, 11/-
-5 83. -/5 84, 2/30 " /- " 9/40
4N -2 90. ~/45 90, 115 " 2/35 " 13/40
-3 83. -/15 83, -/45 " 13/15 " 1/45
-4 82. -/15. 82, /45 » 2/~ » 1210
-5 7. -/5 . /- "o 2/40 " 14/~
593-1 90. 2/~ 90,  &/- S — — -
-2 92. 1/45 92. 7/- N — VR —
604-1 74, -/15 74, 4/- 150, 2/~ 150, 12/~
597-1 87. -/20 — - S — - o
-2 76. /5 76. 55 - — — m-
598-1 87. -/10 — - — - —
600-1 85, -Ns 85. - -/55 150.  12/30 —— -
-2A 78. -5 78. /45 " 9/30 s
-28 - 78 -/i5 78.  ~/45 R.T.  50/30 150,  16/30
-3A 75. -/5 75. /40 150,  17/30 S —
-38 75. -/5 75.  -/40 RT.  54//15hs. 150, 24A15
603-1A 79. -/5 79.  -/30 150.  15/A5 — e
-18 79. -/5 79.  -/30 150. 1515 - 150, 26/50
-2 75. -/5 75.  -/20 150, 17/- ——— -
571-1 75. -/4 — - B — - e
574-1 77, -/3 cee e S S —
592-1 70, -/5 70,  1/30 -— -— —_— e
590-3A 84, /4 84, -/ 150, 17/- —
-38 84. -/4 84, -/5 150.  16/15 —— -
-4 73 -/4 73.  -N15 150,  42/30 s
-5 73. -/4 73.  -/30 150,  43/30 — -
-6 73. -/4 73.  1/30 150,  10/45 150, 58/35



TABLE 7-2  {(cont)

FINAL SCREENING/PRODUCT CHARACTERIZATION

~ Formulations Processing

) Steps

Formulation (1) (2) (3) 4)

Mo, F- (°F) (hr./min.)  (°F)  (hr./min.) (°F) (he./min.)  (°F)  (hr./min.)

599-1 83, ~/15 78.-86, ~24/- -— ——— —ew mem
-2 85. -/15 85. 2/~ - S —

&0 -1 B1. -/15 81, /- 150, 12/- 150, 3015
=2A 76. -/7 78, 2/45 150, 16/15 150, 25/5
-2B 76. ~/7 78.  2/45 R.T. 7d./16 hrs, 150,  50/30
-3A 83. -/13 84. 3/- 150, 51/45 ——— =m-
-3B 83. -N3 84, . 3/- R.T. 4d./3hrs, 150, 57/45
-4 73. -/5 ~74, 28/- 150, 37/45 150, 12/30

602-1A 81, -/5 g1,  8/- 150,  ~60/- — -
-18 81. -/5 8l. 8/ 150, ~52/- m— -
-2 75. -/5 75.  ~20/-(5) 150, 15/- -—— ——
-3A 74, -/5 74,  10/- 150. 29/- 150, 20/20
~3B 74, -/5 74, 10/- 150, 29/~ 156, 9 doys

1. Blend ot °F for hr./min.

2, Degos at °F for hr./min, under 29. in. mercury vacuum,

3. Cure at °F. for hr./min.

4, Post cure at °F for he./min.

5. Partially getled,

11-80



Test

TABLE 7- 3

FINAL SCREENING/PRODUCT CHARACTERIZATION

- Specimen Disposition -

Reference Para,

App. A Ref, 7-1

S
)

Material

FS
(2)

E
®

E-U
(4)

Specimen
No. F-

Dielectric
Constant
and
Power
Factor

Volume
and
Surfoce

Resistivity

Arc Resistance

4.4.3.1

4.4,3.4

596-1-21
596-2-22
596-2-24
596-3-25
5963-23/26

3.4.5.1/.2 4,433

604-1-21/24
$04-1-22/25
604-1-23/26

600-1-21
600-28-22
600-2B-24

- 6C3-1B-23/26

603-1B=25

550-3B-21
601-2A-22
601-28-23
601 -2A-24
601-2B-25
601-3B-26

Dielectric
Strength

3.4.5.1/.2 4.4.3.2

596-2-27
596-3-28
596-4-29
596=4-30
596~4-31

4N -3-27
471-3-28
471 -5-31
604-1-29
604-1-30

600-2B-27
603-1B-29
603-1B-30
603-2-28
603-2-31

601-3B-27
601-3B-28
602-1B-29
4602-1B-30
602-1B-31

-8



Test

TABLE 7-3 (cont)

FINAL SCREENING/PRODUCT CHARACTERIZATION

~ Specimen Disposition -

Reference Para.

App. A Ref, 7-1

5
(1

Material
FS E
(2) (3)

E-U
(4)

Specimen
Mo, F-

Insulation
Resistance

a) ambient/
212°F

3.4.5.1/.2 4.4.3.5

596~4-16
596-4-17
596-4-18

471-2-16
471-2-17
471-3-18

600-3A-16
603-1A-17
603-1A-18

601 -3A-16
601 -3A-17
601-3A-18

b) moisture
cycle

3.4.5.1/.2 4.4.3.11

596-1-13
596-3-14

600-2A-13
600-3A-14
600-3A-15

590-38-13
601 -4-15
602-1A-14

<} rpr./
moisture
cycle

3.4.5.3 4.4.3.11

596-1-7
596-1-7/-10
596-0-8/
596-2-8/-11
596-2-9
596~2-9/-12

471-3-7
471-3-7/-10
471-4-8
471-4-8/-11
471-4-9
471-4-9/-12

11-82



Test

TABLE 7-3 {cont)

FINAL SCREENING/PRODUCT CHARACTERIZATION

Reference Para. 1

App. A

- Specimen Disposition -

S ES
Ref, 7-1

Material

E

E-U

) @ @6 @

Specimen
Mo, F-

600-1-7
600-1-7/-10
600-2A~8
600-2A-8/-11
600~2A-9
400-2A-9/-12

601 ~2A-7
601-2A-7/-10
601-2A-8
801-2A-8/-11
601 -2A-9
601-2A-9/-12

d) vacuum/
moisture
cycle

3.4.4

596-2-2
471-3-2
600-1-2

602-1A-2

Tear
Strength

Tensile
Strength ond
Elongation

3.4.5.1/.2

596-1-19/20

4.4.3.10

471-2-19/20

4,4.3.12

600-1-19/20
600-3B-19

590-2A-6/19
590-4-19/20

Shrinkage

Table U

596-3-15

604-1-15

600-3A=15

590-3B-13

Hardness

Table 1l

596-1-19/20

471-2-19/20

600=1

600-2B
600-3B
603-1B

590-38-21
590-4-19/20

11-83



TABLE 7-3 (cont)
FINAL SCREENING/PRODUCT CHARACTERIZATION
- Specimen Disposition -

Reference Para. Matertal
) FS E E-U Specimen

Test App. A Ref. 7-1 M (2 3 @ No, F-

X 595-1
594-4

Viscosity Teble ———
X 593-2
604-1

X 5972
603-1

X 599-2
602-1

X 596-3-23/26

Specific
CGravity Table I —— X 604-1-21/24

X 603~1B~23/26

X 601 ~2A=-22

Aging 3.4.5.4 —- X 50611

Oxygen X 471=-2-1

impact 3.4.6 ——
X 600-1-1

X 590-3B-1

A 596-2-3

Flammability 3.4.1 -— ,
X 471-3-3

X 600-2B-3

X 590~6-3
602-1B-3

Offgassing 3.4.2 —— X ' 5961 -4B

Odor 3.4.3 - X 471 ~2-4B

X 600-1-4B/1
Vacuum 600-1-4B/2

Volatility 3.4.4 -

X 590-5-48
1. Modified silicone RTV.
2. Modified fluorosilicone RTV.

3. Epoxy,
4, Epoxy-urethane,
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TABLE 7-4

FORMULATION PROPERTIES

- Medified Sillcone RTV -

Mo. of
/M Compound Value Specimens Thickness (in}

Property 6) chuiremenf {8) Min. Max, Ave, Par Value Min. Masx, Ave. Comments
Dielectric Canstant 5.0, max, 4.8 5.1 5,0 3 0,122 0124 0122
Power Factor M 0,09, max, 0.9 0.12 0.1 3 o122 0324 0,23
Dielectrie Strength {v/mil) M 350., min. 220, 260, 240, 5 0,040 0,052 0,051
Volume Resistivity (ambient) M (P} 1., min. 1200, 1400, 1300, 3 0,322 0124 023

{x 10! ohms-cm) {C)1., min.
Surface Resistivity (x‘O‘ 2 chms) M 1., min, 28000, 56000, 47000. 3 0,122 0124 0.123
Arc Resistance (seconds) T 45,, min, (2} 125, 128. 127. 3 0118 0,127 0123 continuous

buming

Insulation Resistonce (megohms) M (3)

ambient (x1(7) 1., min, 1670, 4500, 2720, 3 - - 7}

N2F 730., min. 9.6x106  9.9x) ¢ 9,7 o? 3

pre~m.c. (4,/ambient {x10°) 1., min, 1880, 2000, 1920, 3

m.c. (4)/ambient 200., min. 1006 80.x105 4510 3

m.c. (4)/212°F 200., min, 0.6x108 6.9x10% 3.9x106 3

pre-rprd , fminblent {x10%) 1., min. 1580, 1880. _ 1740. 3

rpred./m. c. (4)/ambient 200., min. 1.3x103 2.7 2.0x1 3

rprd/m, c, (4)/212°F 200., min, 530, 730, 810, 3

pre -vac./ambient (x107) 1., min, 300. 2000, 1300, 1

vac, (5) (x10%) - 1000, 2000, 1400, 1

vac, (3)/m.c, {4)/embient 200., min. 3. 5000, 1900. 1

vac, (3y/m.c, {4)/212°F, 200, min, 4,2 6.3x108 1.5q08 1
Tear Strengsh (ib/ir) M 15., mir. 0. £0. 58, 5 ¢c.077  3.080 0,079 -

7 25., min,
Tensile Strength (psl) T 350., min, 360, 450, 396, 5 0,072 0.081 0.080
Elengation (%) T 125., min, 370, 400, 380, 5 0,079 0,081 0.080
Shrinkage (%%} M 1., mox. {opague) - - {1. 3 — - 7)
3., max. (clear}

Hardness {after full cure) M 30,-85, {Shore A) 57 59. 58, 1 - - 0,080 5 points
Clarity T Water clear e p @ q u e -- 0.040 0,127 -
Viscosity, 77°F (poises) T 100, to 6,000, - - 2520, 1 -- - -

{catalyzed)
Specific Gravity T 1.25 max., - - 1.40 1 - - 0,125
1. T.....Target Value  M....,Mandatory Value 5, Vocuum (vac): 1xl 0"5 sorr/ 1 50°F/24 hrs,

2. Based on overage value out of 5 for each specimen,
3. Based on average value out of 4 for each specimen.

4, Moisture cycle {m.c.): 75-160°F/95% R.H./1 day per cy

cle/S days,

-85

4. Statement of Wark, NAS ?-11068,
7. 1."x1."x2," block.



TABLE 7-5
FORMULATION PROPERTIES

- Modified Fluorosilicone RTY »

. T.....Taorget Value

M. ... .Mandatory Value,

1

2. Bosed on overage value out of 3 for each specimen.
3. Based on average volue out of 4 for each specimen.
4, Maisture cycle {m.c.): 75-180°F/95% R,H. /1 day per cycle/5 days.

5. Vocuum (vac): 1x107% tore/150°F/24 hrs.
4, Stotement ofork, NAS 9-11068,
7. 1,"x1."x2." block,

-84

Mo, of
: . T/M Compound Value Specimens Thickness (in)
Property {1}  Requirement {4} Min. Max, Ave, Per Value  Min, Max.  Ave. Comments
Dielectric Constant M 5.0, mox. 5.2 5.3 5.3 3 0.144  0.158 0,153
Power Factor M 0,09, max, 0,020 0.020 0.020 3 0.144 0,158 0,153
" Diclectric $treagth (v/mil} M 350., min, 280, 400, 350, 5 0.034 0.056 0.047

Valume Resistivity (ambient) M {PY1., min, 4,2 4,8 4.5 3 0.144 0,158 @.153
{10 2 ohms=cm) {CY1., min,
Surface Resistivity (xt0V2 ohms) M 1., nin, 1. 47, 16, 3 0,144 0.158 0.153
Arc Resistance (seconds) T 45,, min. (2) 4, 5. 4,3 3 0,140 0,158 0.154 tracked
Insvlation Resistance {megehms) M )]

ambient (x107) 1., min, 3.3 4,0 3.6 3 -— - )

212°F 750., min. 1900, 2700, 2300, 3

pre~m.c. (4)/ombient (x105) -1,, min, 4.4 4.5 4.5 3

m.c. {(4)/ambient 200., min. 730070 86,109 78,008 3

m.c, (4,/212°F T 200,, min, 1000, 1300, 1100, 3

pre=mprd. /ambient (x10%) 1., min. 3.7 4.6 4 3

mprd./m.c. (4)/ambient 200., min. 48.:0° 51.:103 49.x108 3

mrd./m.c. (4 Z212°F 200., min. 626, GG, G2, 3

pre=vac./ambient (x1 o5} 1., min. 2,2 2.4 2.3 1

vac. (5) (x10%) -— 5.7 16, 7.8 1

vac, (5)/m.c. (4)/ambient 200, min. 50108 81,03 73.x108 1

vac. (5Y/m.c. {4}/212°F 200., min. 580, 820, 740, 1
Tear Strength {Ib/in) M 15,, min, 14. 20, 16, 5 0,092 0,098 0,093

T 25., min.
Tensile Strength (psi} ) 350., min, 20." 140. 130, 5 0,088 0,098 0,092
Elongation (%) T 125., min. 80, 130, 158, 5 0,088 0.098 0.092
Shrinkage {%) M 1,, max, (opague) - — 1. 3 - - )
3., mox. {clear}

Hordness {ofter full cure) M 30.-85. (Share A) 72, 75, 74, 1 -— - 0,095 5 points
Clarity T Water clear 2 p a q u e - 0.088 0,25 --
Viscosity, 77°F (poises) T 100, to 6,000, - - 5450, 1 - - “—

(catalyzed)
Specific Gravity T 1.25., max. — -- 1.77 | - - 0,155



TABLE 7-6

FORMULATION PROPERTIES

- Epoxy =
No, of
T/M Compound Valve Specimens Thickness {in)

Praperty {1}  Requirement (6} Min, Max. Ave, Per Value  Min. Max,  Ave, Commenls
Dielectric Constant M 5.0, mox, 4.6 4.9 4.7 3 0,122 0,125 0.123
Power Foctor ) 0,09, max. 0,083 0,088 0,084 3 0022 0,125 0,123
Dielectric Strength (v/mil) M 350., min. 500, 420, 550, 5 0.042 0¢.056 0,050
Volume Resistivity {ombient) M (P}1., min, 0.057 0.083 0,074 3 0122 027 0,125

{x10"“ ohms=-cm) : . (€) 1., min,
Surface Resistivity (x1012 ohms) M 1., min. 0.041 0.049  0.048 3 0,122 0127 0.125
Arc Resistance (seconds) T 45., min, {2) 44, 62 53, 3 0,120 0,125 0.122 melting

and buming

Insulation Resistonce {megohms) M (3) - -- 7

ambient (x105) 1., min, 0.16 0.22 0.18 3

212¢°F 750., min, 1.5 2.8 2.3 3

pre=m.c. (4)/ombient (x10°) V., min, 0.075 0.5  0.125 a

m.c, {4)/ombient 200., min, 17, 34, 27. 3

m.c. (4)/212°F. 200., min, 0,12 0.19 0.15 3

pre-rprd, fambient (x107) 1., min, 0.29 0.38 0.34 3

prd./m.c. (4)/ambient 200., min, 15, 19. 17, k]

mprd, fm, e, (4)/212°F 200., min. 0.12 0.20 0.16 3

pre—vec. o it 13 0%) 1,, win. 5042 6. 0.0 1

vac. (5) (x10°) -—— 0.041 0,050 0,044 1

vac. (5)/m.c. {(4)/ambient 200., min, 7.8 16, 11,

vac, (3)/m.c. (4)/212°F 200., min, 0.093 0.1 0,70 1
Tear Strength (Ib/in) M 15., min. 51, 140, 70, 5 0.070 0.081 0,073

T 25,, min.

Tensile Strength (psi) T 350., min. 340, 1330. 604, 5 0.070 0.080 0.077

Elongation (%) T 125., min. 230, 300. 290, 5 0.070 0.08¢ 0.077
Shrinkage {%) M 1., max. {opaque) -— - <3, 3 - - @&

3., max, {clear}

Hardness {after full cure) M 30.-85, (Share A) 65, 79. 74. 4 0.053 0.078 -- 12 points
Clarity T Water clear - - [E)] - 0.042 0,127 -
Viscosity, 77°F (poises) T 100, to 4,000, - - 5.76 1 -- - -

(catalyzed)
Specific Grovity T 1.23, mex. -- - 1.97 i - -- 0125

1. T.....Target Value

M, ... .Mandctory Value.

2. Based on average value out of 5 for ecch specimen.
3. Based on avergge value opt of 4 for ecch specimen,
5, Moisture cycle (m.e.): 75-160°F/95% R.H./1 day per cycle/S days.

ti-g7

Vacuum {va c).: 1x10-8 torr/1 50°F/24 hrs.
Statement of Work, NAS 9-11048,

¥, Mx] "2 biock.
Transparent/pale yellow,



TABLE 7-7

FORMULATION PROPERTIES

- Epoxy-Urethane =

Mo, of
T/M Compound Value Specimens Thickness {in)

Property {1} Reguirement (6} Min, Max. Ave, Per Volue Min, Mox. Ave, Comments
Dielectric Comtant M 5.0., max. 4.1 4.1 4.1 3 0122 0124 0023
Pawer Factor A 0,09, mox. 0,031 6.053 0.052 3 0122 0124 0,323
Dielectric Strength {v/mil} M a50., min. 570, 700, 510, 3 0,043 0.052 0,048
Volyme Resistivity (ambient) M {F1 Y., min, M, 40, a8, 3 0,122 .24 0,123

(%502 ghms=cm) (C}1., min.
Surface Resistivity (1012 chms) M 1., min. 180. 340, 240, 3 0122 0124 0123
Arc Resistunce (seconds) 7 45,, min, {2) 23, 28. 25, 3 0,119 0.124 0,122 tracked
Insulation Resistance (megohms) M3 - - )

ambient {xi0?) 1., min. ] 2.0 3

212°F 750., min. - 1560, 220, 190. 3

pre=m.c. {4} ombient {x] 0%) 1., min. 9. 26, 16, 3

m.c. {4)/ambient 200,, min, 1.5:009 35008 2.3x109 3

m.c, (4)/212°F 200,., min. 3.7 7.5 6,2 3

pre=rprd. fambient {x10%) 1., min, 12, 28, 19, |

rprd, /m.c. {4)/ambient 200, , min, 730, 1500, 1020, 3

prd./m.c. (4)/212°F 200,, min, 3.5 4.1 3.8 3

pre=—vac,fambient (x1 %) 1., min, 75. 1600, 134, 1

vae, (5) (x]OS) - (%} (2 %) 1

voe. (5)/m.c, {4)/ambient 200,, min, 9; 29 } 1

vac, (5)/m,e. (4}/212°F 200,, min, 9 9 9 1
Tear Strength ([b/in) M 15., min. 120. 130, 128. 5 0,070 0.0 0,071

T 25,, min,
Tensile Strength (psi) T 350., min. 1600, 1860, 1725, 4 0,070 0,070 0,070
Elongation (35) T 125,, min, 130. 144, 135, 4 0.070 0.070 0.070
Shrinkege (%) M 1., max. (opoque) - - <3. k| - — 7!
3., max. (clear)

Heardness (after full cured M 30,-85. (Shore A) g3, 20. 85, 2 0.070 0124 = 10 points
Clority T Water clear -— -_— 8) - 0.043 0124 -
Viscosity, 77°F (poises) T 100, to 6,000, - - 70. 1 - _— —

(catelyzed)
Specific Gravity 1 1,25, max, -- -— 1.44 i - - 0,125

1. T,....Target Velue M., ..

Mandatory Volue.

2. Bosed on average value out of 5 for each speciman,
3, Based on average volue out of 4 for cach specimen,
4. Moisture cycle (m.c.)i 75-1809F/95% R.H./1 doy per cycle/S doys.

5, Vocuum (vee): 1x10-% torr/150°F/24 hra,
6, Statement of Work, MNAS 9-11048,
7. b x1,"x2," block.
B
?

. Tronsporent/brown,
. A malfunction in a temperature controller caused
the destruction of the spocimen during the vacuum

xpoONTE
11-B8
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TAlE‘LE 7"8

HARDMESS (1)

Material Thickness Readings Durometer {Shore A-2)
Type F- (in.) {no.) Min. Max. Ave,
Modi fied silicone RTV 596-1-19/20 0.730 5 57. 59. 58.
Medified fluorosilicone RTV 471-2-19/20 0.075 5 72. 75. 74,
Epoxy 6001 0.978 3 62. 72, 65.
600~2 0.075 3 75. 76. 75.
600-3 0.055 3 78. 80. 79.
603-1 0.033 3 70, 80. 77.
consensus 12 62. 80. - 74.
Epoxy-Urethane 590-4-19/20 0.070 5 85, 90, 88 (2)
5 68. 72. 70, (3)
590-3-21 0.:24 5 83. 84, 84. (2)
consensus 10 83. 90, 86. (2)

1, !‘?equiremen?: 30.-85. (Shore A). .

2. Initiol reading.
3. Readings 25 sec. later.



TAB.E 7-9

‘—;‘- VISCOSITY
=D
o
Requirement Test Conditions (2)
Material T/M value volume (ml.) - spindle speed temp. Viscosity
Type F~ state (1} (Poise) _ bedker mat'l, {(nc.) {pm) (°F) (Poise)
Modified 595-1 uncat. (3) - 600. 450, ) 1. 81.5 5200,
Silicone - " " 6 2.5 " 3644,
RTV '
" 596-4 catalyzed T 100.- " 210, (4) 6 1. 80.5 2520,
6000, " 210, (4) 6 2,5 80.5 1816.
Medified 593-2 uncat. (3) - " 450, é 1. 80. 6210,
Fluorosilicone
RTV
i, 604-1 catalyzed T 100.- : " 6 1. 77.5 5460,
6000,
- Epoxy 597-2 uncat, (3) -- " " 3 10, 78.5 19.70
" i 3 20. “ 19.85
" " 3 50, H 19.82
“ 6031 catalyzed T 100, - " 325, (5) 3 10, 76,5 6,00
6000, " " " 3 20. " 5,70
" " " 3 50, " 5.76
Epoxy = 599-2 uncat, (3) - . 450, 5 10. 185.2
Urethane
. 6021 catalyzed T ' 100, - " 325, (5) 5 10, 79. 69,2
6000, " n " 5 20, " 69.2
" " " 5 50. " 70,48
1. Teua..Targef value M, oo . . Mandatory Value 4, No gu:rd, level: 3/4" below spindle notch.
2. Brookfield Mcdel RVT Viscosimeter. 5. 1/4" below spindie notch,

" 3. Test not reauired by sintement of work,
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TABLE 7-10

FORMULATIONS FROPERTIES

- Summgiry -
Medified Modified
/M Compound See Silicona RTY Flugrosilicone RTY Epoxy Epoxy=Urethane
Praperty (6 Requirement (7) Toble  Min. Max, Ave, Min, Max., Ave, Min, Max, Ave, Min, Max, Ave,
Dizlectric Constant . M 5.0, max, 4.8 5.1 5.0 5.2 5.3 5.3 4,6 4,9 4.7 4.1 4.1 4.1
Power Factor M 0,09, mox. 0,09 0.12 0.11 0,020 0,020 0,020 0,083 0,088 0,086 0058 0,053  0.052
Dielectric Strength (v/mii) (1) M 350., min. 220, 260, 240, 280. 400, 350, 500, 620, 550, 570, 700, &4,
Velume Pesistivity {ombient) M (#) 1., min. 1200. 1400, 1300. 4,2 4.8 4.5 0,057 0.083 0.074 34, 40. 38,
{1 o2 ohms-cm) (Cit., min.
Surdace Rasistivity (<1012 ohms}) M 1., min, 28000,  D56000. H47000. 1. 47, 16, 0.041 0,049 0,044 130, 340, 240,
Asc Resistence {secands) T 45., min. (2) 125. 128. 127, 4. 5. 4.3 44, - b2, 53. 23. 28. 5.
Insulation Resistance (megohms) M )] ’
cmbient {x](]b] 1., min. 1670, 4500, 2720, 3.3 4,0 3.6 0.6 0,22 0.18 1.é 2.0 1.8
212°F ) 750., min, 2.610% ¢.9:00% o.7xtcé 1900, 2700 2300. 1.5 2.8 2.3 140, 220 190.
pra-m,c. {4)/ambient (x1 Os) 1., min, 1880, 2000, 1920, 4.4 4.6 4.5 0.075 0.15 0,125 ¢, 26, 15,
m.c. {4) ambient 200., min. 1.00% 80,106 45,008 72.0% B&oa08 7809 17, 34, 27. 1.5x10%  3.56a0° 23009
m.c. {(4)/2129F 200., min, 0,605 &.9x106 z.9a0 1000, 1300, M0, G122 619 005 3.7 7.5 6.2
pre=mrd. fomblent {x1 05) 1., min, 1580. 1880. 1740, _ 3.7 4,6 4,1 0.29 0.38 0,34 12, 8. 19,
prd./m.c. (4)/ambient 200., min. 1.340° 27008 2.0a0° 28008 51.x10% 49a0d 15 19. 17. 780, 1500, 1020,
prd./m.e, (4)/212°F 200,, min, 530, 730, ato, 420, 530. 623, 0.12 0.20 0.16 3.5 4.1 3.8
pre=vee, fambient {x109) 1., mia. 300, 2000, 1300, 2.2 2.4 2,3 0.042 0,062 0,051 75, 600, 1300,
vac. {£) (x10%) -— 1000, . 2000, 1400, 5.7 16, 7.8 0.040 0.050 0,044 () (11} {t1)
voc. (5)/m.c. (4)/ombient 200,, min. al, 5000, 1900,  59.x10° 81.x10° 7308 7.8 16, ., (i) () an
voe, (S)/m.c. (4)/212°F 200., mia, 4.2 6.3:106 1.5x10¢ 580, 820, 740, 0.093  0.11 0,10 {4 (1) an
Tesr Strangth {Ib/in) M 15., min. 50. 40, 58, 14, 20, 16. 51, 140, 70, 120. 130, 128,
T 25., min.
Tensile Strength (psi) T 350., min. ) 350, 450, 396. 90, 160, 130. 340, 1330, 804, 1600,(8) 1840. (8) 1725. (8)
Elangation (%) T 125., min. 370. 400, 2380,  80. 130. 118, 230, 300, 290, 130, (8) 140, (8) 135. ()
Shrinkage (%) ] 1., max. {opaque) - e <1. - - Q. -~ - S -- - <.
3., max. {clear} '
Herdness (after fulf cure) M 30.-85. (Shore A) 57, 59. 58. 72, 75, 74, 45, 79, 74, 83, 20. B6.
Clariry T Water clear 6 p o g§ U e e p @ q u e - -- {?) -- - no
Viscority, 77°F {poises) T 100, ta 6,000. - - 2520, -- -- 5460, - - 576 - -- 70.
(catalyzed)
Specifiec Graviry ¥ 1.25, mox. - - 1.40 - - 177 - - 1.37 - - 144
1. 34-59 mils thick. . 6. T.....Target Value  M.....Mandatery Value, 11, A malfunction in o temperature
2. Bazed onr aversge value out of 5 for ench specimen, 7. Sictement of Work, NAS 9-110&8, controller caused the destruction
3. Boied on averoge value out of 4 for cach specimen 8. Lo specimens, of the specimen during the wacuum
4. Maisture cycle (m.c.g: 75-180°F,/95% R.H./1 day per cycle/ 5 days. 9. Tn mparent/pole yollow. exposure .

5. Wacwum (vae): 1x1079 torr/1509F/24 hrs, 10. Transparent/brown.



TABLE 7=11

FORMULATIG NG PROPERTIES

~ Compaorison With Previous R&D Elforts -
(Silicone RTY Based)

NAS 9-11058 MNAS $-8750
Madified NASA - MSC ~
T/M Compound See Silicone RTV $G-12K1 (Ref, 3-7)
Property &) Requirement (7) Tabie Min. Max. Ave, Min, Max. Ave.
Dielectric Constant M 5.0, max. 4.8 5.1 5,0 6.6 &7 6.7
Pawer Fockor M 0.07, max, 0.09 0,12 0.1 0,003 0.008 0.005
Dielectric Strength (v/mil) (1) M 350., min, 220, 260, 240, 260, 30, 290,
Velume Resistivity (ambient) M ®) 1., min, 1200, 1400, 1200, 0.062 0.55 0.30
(x10"“ ohms-cm) (C)1., min,
Surface Resistivity (1012 ohms} M 1., min, 28000, 256000, S 47000, 5, 22, 15.
Arc Resistance {seconds) T 45,, min. (2) 125, 128, 127, 122, Yad, 123,
Insutation Resistance (megohms) M (3)
ambient {x10°) 1.4 min, . 1670. 4500, 2720, 21, 460, 330.
212°F 750., min. 9.6x10° 9.940% w708 4,805 4.9 4.0x10%
pre-m.c, (4)/ambient (:10°) 1., min. 1880, 2000, 1920, - - --
m.c, {4)/ambient 200, , min. V.x10% 80.10% 4500 1.9 27. 10,
m.c. (4)/212°F 200., min, U.6x106 5.9x100 3.9x100 0.44 0,78 0.55
pre-mprd, fambient {xt 05) 1., min. 1580, 1880, 1740. - - -
prd./m.c. (4)/ombient 200,, min, 1.3:10° 2,7« 200108 0.095 0.39 0,23
prd . fm.c. (4}/2E2¢F, 200, , min, 530, 730, A0, 0.025 0,057 0.039
pre-vac,/ambient {x1 05) 1,, min. 300, 2000, 1300, - - -
vac, 25 /m.c. (4)/ombient 200., min. 3, 5000, 1900, 0,037 1.8 0,76
vac, (3)/m.c. {4)/212°F, 200, min. 4.2 6,340 1.5x06 0.0 0,22 0.10
Tear Strength (1b/in) M 15,, min, 50, 60, 58. 32, 37. 35.
T 25., min,
Tensile Strength (psi} T 350,, min, 360, 450, 396, 250, 260, 240,
Elongation (%) T 125., mint 370, 400, 380, 310, 33a, 318,
Shrinkage (%) M 1., mox. (opague) - - {1, - - il
3., mox. (clear)
Hardness (after full cure) M 30,~85, (Share A) 57. 59. 58. 64, 68, 66,
Clarity T Water clear o p 9 u e o P a v e
Viscosity, 77°F (poises) T 100, to 6,000. - - 2520, - - 2340,
{cotalyzed)
Specific Gravity T 1.25, mox. - -- 1.40 1.55 1.41 1.58

1. 34-5% mils thick,

2. Based on average value out of 5 fur cach specimen,
3, Bosed on average value out of 4 for each specimen,
4. Moisture cycle (m.c.): 75-160°F/95% R.H. /1 duy per cycle/5 days.
5, Vocuum {voc): MNAS 2-8750: 1x10-4 torr/ambicnt temp./24 hrs.;
NAS 9-11068: 1x10°% tore/) 50°F/24 hes,

=92

6. T..,..Target Velue

M.....Mandatory Value,

7. Statement of Work, NAS 9-11048,



FORMULATIONS FROPERTIES

TABLE 7-12

~ Comparisan With Previoys RRD Efforts -
{Fluoresiliconc RV Bosed)

NAS 2-11048 .
Madificd MNAS §-8750 (Ref, 3-7)
T/M Compound See Flusrosilicone RTV F-387
Property {6) Requirement {7) Table Min. Max. Ave, Min Max., Ave
Dielectric Constant 5.0., max, ) 5.2 5.3 5.3 4.7 4.8 4,7
Power Faclor M 0,09, max, 0.020 0.020 0,020 0.020 0.021 0.020
Dielectric Strength (v/mil) (1} M 350., min, 280, 400Q. 350, 340, 390, 370,
Volume Resistivity {embient) M (P}1,, min, 4,2 4.8 4,5 19. 30, 24,
(x10' £ ehms-cm) (C)1., min.
Surface Resistivity (102 ohms) M 1., min, 11, 47, 16, 230. 720, 390.
Are Resistence {seconds) T 45., min., {2} 4, 5. 4.3 &, 6. b,
insulation Resistance (megohms) M {3}
ambient {x10°) 1., min, 3.3 4.0 3.6 7.4 440 26,5
212°F 750,, min, 1200, 2700, 2300, 3800. 2000 5900.
pre-m.c, {4)/ambient (x1 0% Y,, min, 4.4 4.6 4.5 —— - -
m.c. (4)ambient 200,, min. 730008 603 7E.a0 7908 96.x109  88.x10°
m.c. (4)/212°F 200., min. 1000, 1300, 1100, BA&O, 1130. QB0,
pre—rprd., /ambient (x10%) 1., min. 3,7 4.6 41 - - -
tprd./m.c. (4)/ambicnt 200., min. B0 5Lx10° 49007 7703 Baa0d  80.x109
e A (1571 5<F 200, min. 620, &30, 623, : -
pre-vac, fambient (x105] 1., min. 2,2 2.4 2.3 - -— -~
vac.(5)/m.c. (4)ambient 200., min. 594108 81,x10% 7308 .- - 100.x10°
vac, {5)/m.c. (4)/212°F 200,, min, 580, 820, 740, - _— 240,
Tear Strength (ib/in) M 15., min. 14. 20, 15, 1. 14, 13.
T 25., min,
Tensile Strength (psi) T 350., min. 90. 150, 130, B4, 8. 90,
Elongation (36} T 125., min. 80, 130. 118, 120. 140. 130,
Shrinkoge (%) M 1., max. (opaque) - -— <1. - - <t,
3., mox, (clear)
Hardness (ofter full cure) o) 30.-85, (Shore A) 72, 75, 74. &0, éé. &5,
Clarity T Waoter clear [ pa q [ e o p q u e
Viscosity, 77°F (poises) T 100, to 4,000, -- - 54560, 52.8 56.5 .-
{catalyzed)
Specific Gravity T 1.25, mox, - - 1.77 1.65 1,69 1,67

. 34-59 mils thick.

. Based on averoge volue out of 5 for ecch specimen,

. Moisture cycle (m.c.): 75-160°F/95% R.H./V day per cycle/5 doys.

1
2
3. Based on gverage value out of 4 far each ipecimen,
4
5

. Vocuum (voc): NAS 9-B750: 1x10-% tore/ ambient temp. /24 hrs.;
NAS 9-11068: 1x107% 1orr/150°F /24 hrs,

6. T.....Target Value
7. Statement of Work, NAS 9-11048.

M.....Mandatory Value.



yé-I1

TABLE 7-33
FINAL SCREEMNING FLAMMABILITY TEST
- Conditions/ lesults =
590-6-3 &02-1-3
Furcne ldent, No, - 594-2-3 600-2-3 6249 6248 590-6-3 &02=1-3
MsC 5/N Reguirement 4250 6247 73-4342 73-4341 596-2-3 400-2-3 4264 £2672
WSTF (1) Ident, Ne. (2) 73-4343 73-4340 epaxy - epoXy « 6265 6263 epoxy = epoxy~
Fermulation Type === sificone epoxy vrethane urethane silicone epoxy urethane urethene
tmosphere (psia)
Qxygen 3.0 3.0 3.0 3.0 3.0 14.7 14.7 14.7 14.7
Nitregen 7.0 7.0 7.0 7.0 7.0 alr air air gir
Igﬁifor silicone propane propane propane propane propane prepane propane propane
Specimen Geom. 12.x2.5.x7 5.%2.5x0.075 5.x2.5x0,100 5.x2,5x0.087 5,x2,5x0.075 9.x2.5x0.085 8.5x2.5x0.1 8.x2.5x0.080 8.x2,5x0.075
(LIIXWIIXH")
Flome Propogation
Rate {in./sec.) rin. - 0.4 0.07 0,13 0.14 0.0 0.0 0.0 0.0
max, === 0.17 0.0 0.18 0.17 0.0 6.0 0.0 8.0
ave. —— 0.14 0.08 0.16 0.15 0.0 .0 0.0 0.0
spee, no., - 3 3 3 3 3 3 3 3
Self=extinguishing Yes ? ? ? ? Yes (3} Yes Yes (3) Yes (2)
8urn Length (in.) -n- ? ? ? ? .1 2,6 0.27 0.6
Burmn Time (sec,) -— 7 ? ? ? 13.3 63, 14,4 20.
Fleme Color -— crange orange yel.~orgnge arenge orange glow orange orange oronge
Srmoke/Soat ——— profuse profuse profuse profuse |5itle prafuse/little little little
Sparks -— none some none none none some none nene
Mass Transfer — none melted, dripped none none none melted, dripped nane none
Residue - type - black, brittle’ bladk, sticky bl./wht., brittle black, brittle bl /wht./ black, soft tlack, sofr black char,
brn. soot brittle/soft
- amount e some some profuse profuse little little little little

1. NASA-MSC, White Sands Test Focility,

2. Appendix A, poro, 3.4,1.
3. Self-extinguished when igniter flame removed,



TABLE 8-1

CARBON MONOXIDE {CO) (1) AND TOTAL ORGANICS (TO) (1)

~ Conditions/Results -

=

N
)

Furane Ident No. 596-1-4B 600-1-1 600-1-4B 590-5-4B
J5C (2) Log No, 6308 4311 4310 46309
WSTF (3) Ident. No. 73-4378 73-4381 73-4380 73-4379
Materiai Type Silicone RTV Epoxy Epoxy Fpoxy=Urethane
Preconditioning none vac/ht (4) none vac/ht (4) none vac/ht (4) none vac/ht (4
Test Chamber Vol. (liters) 4 4 2 4 4 4 4 4
Loading Conditions
Gas 0o 0Oy O, O Oy o) 0O, Q7
Pressure (psia) 4.3 4.3 4.3 4,3 4.3 4.3 4.3 4.3
Temperature (°F) ambient ombient ambient ambienf ambient ambiant ambient ombient
Exposure
Time (hours) 72. 72, 72, 72, 72. 72, 72, 72,
Pressure (psia) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Temperature {°F) 155, 155, 155, 155, 155, 155, 155, 155,
Initial Wt, {gm.) 19,9425 20,1257 10,1096 20,3516 19,3149 20,0204 20,4680 20,0285
Weight Loss (gm./gm.) 0.0009 0.0004 0.0024 0.0009 0.0026 ¢.0016 g.om7 0. 0004
Weight Loss {5) £.0045 ¢, 0020 0.0237 0.0044 0.0135 0.0680 0.0083 0.0020
Carbon Monoxide {e gm./gm.} 0.1 0.1 1.9 2.4 3.2 1.7 7.0 2.0
Total Organics {4 gm./gm.) 42,0 3.4 52.0 51.2 37.0 47.6 707.0 226.0
% )
Constituents Analysis
fu gm./gm. )
Chloreethane 1.
Bromoethane 80, 50,
TF - Freon 4, 2.
Ethy! Alcohol 20,
Acetone 2. 2, 0.7 2.
Methyl Ethyl Ketone 10. 10. 6. 9. 3.
Benzena 2. 10, 10, 4, 10, 350, 230.
Chlorobenzene 1.
Toluene 30, 40, 10, 30, 0,6
Xylene 0.8 N
Chlorinoted unsat, 2. 3. 0.9
C5 olcohol
Chlerinoted unsat, 5. b, 2, 5.
C6 alcohol
Siloxane dimer 140, (5) 2,
Stoxane trimer 10.,{29.
(6)
Trisiloxanes 30,3 20,
(&)
Tetrasiloxane 10,,€20
(6)
No. unidentified/each =A1520.(6) 441, 4{1. 4£0,3 4£0.9 541,

1. NASA-MSC D-NA-D002, Test Method No. 6 (see Appendix H).

2. Johnson Space Center.

3. MASA White Sonds Test Facility.
4, 1076 torr vac./150°F/8, hrs,

1-95

5. Identification uncertain,
6. Infrared scan.
7. Bosed on pentane equivalents,

—z
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| TABLE 8-2
ODOR TEST (1)

- Conditions/Results =

—

Furane ldent, No., 576=1-48  600-1-1 600-1-4B 590-5-4B
JSC (2) Log No. 6308 6311 6310 6309
WSTF (3) Ident. No. 73-4378 73-4381 74-4380 73-4379
Material Type Silicone RTV Epoxy Epoxy Epoxy~Urethane
Preconditioning nohe vac/ht (4) rone vac/ht (4) none vac/ht (4) none vac/ht (4)
Material per Liter (gm.} 5,154 5.19 5.0 5.1 5.2 5.13 5.17 5.05
Test Chamber Vol. {liters) 2 2 2 2 2 é 2 é
Loading Conditions
Gas, No/O2 (%) 80./20. 80.,/20. 80./20. 80./20, 80./20, 80.,/20. 80,/20. 80./20.
Pressure (psia) 11.0 11.0 1.0 11.0 11.0 11.0 11.0 11.0
Temperature (°F) ombient ambient ambient ambient ambient ambient ambient ambient
Exposure )
Time (hours) 72 72 72 72 72 72 72 72
Pressure {psia) 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4
Temperature (°F) 120 120 120 120 120 120 120 120
Dilution with Osxygen {3} )] {5) {6) )
1:29 0.0 0.0 0.4 0.2 0.4 0.4 0.6 0.2
1:9 0.4 0.0 0.2 0.8 1.8 0.6 0.5 0.4
11 0.8 0.0 2.2 2.0 2.4 1.4 0.2 1.8
(8 (9} (10)
1. NASA NHB 8060.1, Test Method No. 6 (average of 5 member panel) (see Appendix 1).
2, Johnson Space Center,
3. NASA White Sands Test Facility.
4, 10-6 torr vac,/150°F/8, hrs,
5, Diluted 1000, ml. concentrate to 1000.ml. air to meet WSIF safety requirements,
6- " ]34. " H " 5866. . at " i 1 " 1"
7- n 180. 1] M " 820. " o 1" " 1 if W

One pane! member suffered nasal irritation with blood spot:.,
Three panel members suffered from blisters in nasal passages.
One panel member suffered blisters in nasal passages.

D0

1
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TABL?Z

8=3

VACUUM EFFECT3: SILICONE RTV

- Conditions/Results = (1)

Furane Ident. No, 596-1-4B (NV) (£} 596-~1-4B (V) (5)

JSC (2) Log No. 6308 6308

WSTF (3) Ident. No, 73-4378 73-4378

Sample 1 2 ave. 1 2 ave,
Initial wt, {gm) 0,256019  0,255623 0.250418  0,256862

Final wt. (gm) 0.255474 0.255038 0.249910 0,256304

Wt, loss (gm) 0, 000545 0.000585 0,000508 0.000558

Wt. loss (%) 0.2128 0.2288 0.2208 0,2028 0.2172 0.2100
Final collector wt, (gm) 1.971851 2,394200 (7) 1,847380

Initial collector wt, (gm) 1.971849  2,394903 1,627054  1,847600
Collector wt, gain (6) {gm) 0,000002 ~0,000003 -— ~0,000220
Collector wt, gain {6) (%) 0.0007 (=) < 0,007 — (=) (=)

1.

u:;p.oow

~ O~
.

Test environment (NASA SP-R-0022) (see Appendix J):
Final pressure: 4, x 1076 torr
Time: 24, hours
Sample temp,: 150,°F
Condenser temp,: 77.°F
Johnson Space Center
NASA White Sands Test Facility
Preconditioning: 24. hours/ambient temperature/50,% relative humidity
Preconditioning: 109 torr vac./1 50.°F/8, hrs,
24, hours/ambient temperature/50,% relative humidity
Volatile condensable material (VCM)

Collector plate was damaged during removal from tesi fixture after testing,



TABLE 8-4
VYACUUM EFFECTS: EPOXY-URETHANE
- Conditions,Results = (1)

Furane ldent. No.

86-11

590-5-48 (NV) (4) 590-5-4B (V) (5)
J5C (2) Log No. 6309 6309
WSTF (3) Ident. No, 73-4379 73-4379
Sample 1 2 ave. 1 2 ave.
Initial wt. (gm) 0.250004 0.259049 0.246884 0.248081
Final wt, (gm) 0.248919 0.257834 0.245537 0,246466
Wit, loss {gm) 0.001175 0.001215 0.001347 0,001615
Wt. loss (%) 0.4698 0.4690 0.46%94 0.5456 0,6509 0.5982
Final collector wi. (gm) 1.945995 1.715551 1.724055 2,013505
Initial collector wt, {gm} 1.945988 1.715535 1,724203 2,013545
Collector wt. gain (6) (gm) "~ 0.0C0007 0,000016 -0,000143 -0,000040
Collector wt, gain {6) (%) 0.0027 0.0061 0,0044 ) (-) (=)

1. Test environment (NASA SP-R-0022) {see Appendix J):
Final pressure: 4, x 10~0 torr
Time: 24. hours
Sample temp.: 150,°F
Condenser temp.: 77.°F
Johnson Space Center
NASA White Sands Test Facility
Preconditioning: 24. hours/ambient temperature/50.% relative humidity
Preconditioning: 10-0 torr vac./150.°F/8. hrs.
24, hours/ambient temperature/50.% relative humidity
Volatile condensable material (VCM)

G bk
. & &

O
»
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Furane ldent, No.,

TABLE 8-5
VACUUM EFFECTS: EPOXY
~ Conditions/Results - (1)

600-1-4B (NV) (4) 600-1-4B (V) (5)

JSC (2) Log No, 6310 6310

WSTF (3) Ident. No, 73-4380 73-4380

Sample 1 2 ave, 1 2 ave,
initial wt, (gm) 0.252824 0,249394 0.254827 0,248980

Final wt, (gm) 0,250922 0,247414 0,252780 0,246962

Wt. loss (gm) 0.001202 0.001980 . 0,002047 0.002018

Wt loss (%) 0.7523 0,7939 0.7731 10,8032 0,8105 0.8068
Final collector wt, {gm) 1.922718 2.188872 1.857127 1.880072

Initial collector wt. (gm) 1.992736 2.188897 1.857212 1,880663

Cellector wt, gain (6) (gm) -0.000018 -0,000025 -0,000085 ~0,000591

Collector wt. gain (6} (%) (=) (=) (=) (=) (=) (=)

4

n b o
-

L 4

T.

Test environment (NASA SP-R-0022) (see Appendix J}:
Final pressure: 4, x 1076 torr
Time: 24. hours
Sample temp.: 150,°F
Condenser temp.: 77,°F
Johnson Space Center
NASA White Sands Test Facility
Preconditioning: 24. hours/cmbient temperature/50,% relative humidity
Preconditioning: 10~6 torr vac./150, °F/8, hrs.
24, hours/ombient temperature/50,% relative humidity
Volatile condensable material (VCM)



0o L-1l

Furane ldent, No,

TABLE 8-6

VACUUM EFFECTS: EPOXY

- Conditions/Results - (1)

600-1~1 (NV) (4)

600-1-1 (V) (5)

J5C (2) Log No. 6311 6311

WSTF {3) Ident No. 73-4381 73-4381

Sample 1 2 ave, 1 2 ave,
Initial Wt, (gm) 0.248973 0, 250551 0.251464 0.255794

Final wt, (gm) 0.247092  0,248515 0.249467  0,254367

Wt, loss (gm) 0,001881 0.002036 0.001997 0.C01427

Wt. loss (%) 0.7555 0,8126 0,7840 10,7941 0.5578 0.6759
Final collector wt. (gm) 1,972044 2.506237 1.921703 1.366815

Initial collector wt, (gm) 1,972045 2.506245 1,921725 1,366776

Collector wt, gain {6) (gm) -0,000001 -0,000008 -0,000022 0,000039

Collector wt. gain (6) (%) (=) {(-) (=) (=} 0.0152 €0.0152

1., Test environment (NASA SP-R-0022) (see AppendixJ):

Final pressure: 4, x 10~6 torr

Time: 24, hours

Sample temp.: 150, °F
Condenser temp.: 77.°F
Johnson Space Center

O M
" o @

NASA White Sands Test Facility
Preconditioning: 24, hours/ambient temperature/50,% relative humidity
Preconditionig: 1076 torr vac,/150,°F/8, hrs,

24, hours/ambient temperature/50,% relative humidity

O~
»

Volatile condensable material (VCM)



Furane ldent.No.

TABLE 8-7

VACUUM EFFECTS: SUMMARY (1)

- Conditions/Results - (2)

596-1-48 (NV} (3)

590-5-4B (NV) (3)

600-1-48 (NV (3)

600-1-1 (NV) (3)

J5C (5) Log No. 6308 6309 6310 631

WSTF (6) Ident. No. 73-4378 73-4379 73-4380 73-4381
Material Type Silicone RTV Epoxy-Urethane Epoxy Epoxy
Weight loss (%) 0.2208 0.4694 0.7731 0.7840
VCM (10 (%) < 0.0007 (7) 0.0044 <0.0 (9) {0,0 (%)

Furane Ident. No.

596-1-4B (V) (4)

590-5-4B (V) (4)

600-1-4B (V) (4)

600-1-1 (V) (4)

J5C {5) Log Mo, 6308 6309 6310 4311

WSTF (8} Ident. No. 73-4378 73-437% 734380 73-4381
Material Type Silicone RTV Epoxy~Urethane Epoxy Epoxy

Weight loss (%) 0.2100 - 0.5982 0.8068 0.675%9
VCM (10 (%) < 0.0 (8) 0.0 (9) <0.0152 (7)

1. See Tables 8-3, B-4, 8-5, and 8-6,

2. Test environment:

Final pressure: 4, x 106 torr

Time: 24, hours

Semple temp.: 150.°F

Condenser temp.: 77.°F
3. Preconditioning: 24. hours/ambient temperature/50.% relative humidity
4, Preconditioning: 10~ torr vac./150.°F/8, hrs.

LY

Both specimen

SomNpow

Volatile condensahle material (VCM)

11-101

<0.0 (%)

24, hours/ambient temperature/50.% relative humidity
Johnson Space Center
NASA White Sands Test Facility
One specimen was less than zero,
One specimen domaged during test. Second one was less than zero,
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" TENSILE STRENGTH/ELONGATION AFTER OXYGEN AGING (1)

Test Source/

TABLE £-8

- Tensile Strength (psi)

Elongation (%)

Material Type Panel No. Initial Oxygen Aged (2) Initial Oxygen Aged (2)
Furane min. 360. —— 370, -—
- Imax. 450, -— 400, —~—
Modified F-596-1-19/20 |ave, 396, -—— 380. -
spec. 5 —-— 5 -
Silicone
WSTF min. 340, 341, 380, 375.
RTV max. 386. 378, 400. 375.
F-596-1-1 ave., 368. 360, 393. 375.
spec, 3 2 3 2
Furane min, 1600, _— 130, -—
max. 1840, _— 140, -
F-590-2A- ave, 1725, -— 135. -—
Epoxy- 6/19 spec., 4 -— 4 -—
F-590-4-19/20
WSTF min. 1075, 1078. 200, 150,
Urethane max. 1167, 1947, 200, 175.
F-590-3-1 ave, 1121, 1467, 200, 167,
spec, 2 3 2 3

1. Tested per ASTM D412 (Die 'C'),
2, Conditioned per ASTM D572 for 96 hours at 300 psi and 156°F,
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TABLE 8-9
OXYGEN IMPACT (1)

~ Conditions/Results -

Furane ldent. No, 596-1-1 590~3~1
JSC (2) Leg No. 6312 6313
WSTF (3) Ident, No. 73-4382 73-4383
Material Type Silicone RTV Epoxy~Urethane
Conditions
impact Test
Energy  Pressure Specimens  Reactions Observations Specimens Reactions Observations
(ft ib,) (psia) Tested Tested
« Mechanical —
50. 2000, 1 0 no reaction 1 0 ho reaction
n 3000. ] O 1t 11 'l O L1} 1]
L1} 4000.. 'I 0 1 ] 'I 0 1] 1]
LH] 5000. 4 0 11 3] 4 0 n n
: — Pnreumatic —
—— 500 4 0 no reaction 4 0 no reaction
~—— 1000, 1 1 mild odor - gray resid, 3 1 mild odor ~ blk, resid,
—— 1500. 1 1 It S | I n 1 1 n nooon 1
P 2000. 'I 1 1 n n [1} 'l 1 L1} 1 - 1 L1}

1. NASA MSC-PA-D-67~13, Supplementary Test No. A, (

2, Johnson Space Center,

3. NASA White Sands Test Facility,

See Appendix K.)
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Component

TABLE 9-1

MODIFIED SILICONE RTV: PRODUCTION FORMULATIONS

595-2

605-1

59¢=6

Formulations (pbw)

606-1 607-1 608-1

609-1 610-1 611-1

Sylgard 186
Phos-Chek P/30,Reg.
Glass Frit 7570 (1)
F-595-2

F-605-1

F-606-1

F-602-1

F-610~1

7540 Meteor Cobalt
Blue (2)

Sylgard 186 C.A.

SeesesSource (see Table 6-2).

1. 325 mesh, predried 48, hrs./212,°F,

o0 O8O

2. Harshaw Chemical Co,

100,
50.

25,

10,

175,
10.

60,

175,
10,
10,75

0.75 0.75

10,

.« 100,
15.38 34.62
25.

26,13
159.62

0.75

10.



TABLE 9-2

VISCOSITY OF EPOCAST 87517-A/B

SO L-il

o —

Requirement Test Conditions (2)
/M . Value Volume (ml} Spindle  Speed Temp.  Viscosity
F- EPOCAST State 1) (poise) | becker  mat'l, (no.) (pm)  (°F) (poise)
595-2| 87517-A uncat. (3) —— 600, 450, 6 1. 70, 4340,
(4)
" " " (3) -—— 600, 450, b 2.5 70, 3100,
(4)
596-6| 87517-A/B catalyzed T 100, - 600, 280, 6 1. 70, 1760,
6000, (5,6)
" " n " " 600, 280, 6 2.5 70, 1444,
' (5,6)
TeeooTarget value M.....Mandatory value

Brookfield Model RVT Viscometer,

Test not required by Statement of Work,

Material not degassed prior to measurement,

Material degassed at 29. inl Hg prior to measurement,
No guard, level: 1/8 in, below spindle notch,



